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I. INTRODUCTION 
A. Ilie Prediction Problem 
The objective of this Investigation is to provide a 
rational method for predicting soil temperatures. Since soil 
temperatures vary with tlrae and depth, the temperatures had 
to be measured at specified times and depths. The specified 
times were daily between 5:00 p.m. and 5:30 p.m., while the 
depths were at three, six, twelve and twenty-four inches 
below the soil surface. 
The predictors to be utillaed in estimating the soil 
teraperatures were selected on the basis of aprlorl considera­
tions. These predictors include as meteorological factors: 
air teiBperature, solar energy, cloudiness, and wind velocity, 
and as soil factors: soil moisture and two types of soil 
cover. An attempt was made to discover which of these fac­
tors i.ere best related to the temperature of the soil, and to 
prepare a multiple regression analysis. 
B. Deficiency of Soil Temperature Data 
Contlnuo.us and systematic measurements of soil temper­
atures are rare. Fltton and Brooks (1931) examined the United 
States literature and found no continuous records. Lrter, 
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Zikeev (1961) in a comprehensive review, discovered a few 
long records of soil temperature in Europe. Currently, the 
U. S. Weather Bureau (1955a, 1955b) is publishing soil tem­
perature data on a continuous basis from three locations in 
Iowa and two locations in Missouri. 
The deficiency of soil temperature data is due to the 
difficulty of obtaining measurements. Mercury-in-glass 
thermometers have been employed, but to prevent breakage 
these thermometers must be Incased in protective material 
which have thermal properties different from thet of soil. 
Electrical resistance and thermocouple measurements are use­
ful, but expensive interpretative equipment is required. 
Inexpensive but accurate thermometric measurements of soil 
temperatures are not at present possible. 
The development of a suitable method for predictiiig the 
temperature of the soil would make the deficiency of soil 
temperature data less noticeable. It would reduce the number 
of soil temperature observing stations, and it would provide 
a means for constructing systematic and continuous predic­
tions of soil temperature. 
C» Importance of Soil Temperatures to 
Agricultural Production 
Plant tissue may be permanently injured by loy tempera­
3 
tures. Levitt (1941) has provided a review of the physio­
logical nature of such injury• In some cases the low tempera­
ture Injury may occur in the root zone hecause of low soil 
temperatures. Iverson (1939) has noted such winter injury 
in the case of strawberries. 
The delay in germination and seedling development by low 
soil temperatures la important. This problem was discussed 
by Naegler (1913). He noted a relationship between soil tem­
peratures and tile coming of spring, where a one degree Centi­
grade deficiency at one meter delayed spring ten days. Hal-
sted and Waksnian (1917) found that the rapidity of corn 
germination depended upon the temperature of the soil, eiid 
Caap and walker (1927) noted that the cotton seedling develop-
laent was delayed by cool soil temperatures. Henry (1932) 
observed a similar growth Inhibition to wheat seedlings by 
low soil temperatures. Plant developraent beyond the seedling 
stage is noriaally not limited by low soil temperatures, but 
Sohroeder (1939) noted that addition of cold water to green­
house cucuiabers reduced their ability to absorb water due to 
the lower root temperature. 
The growth and development of the soil's microbiological 
species is related to the tempersture of the soil. Waksman 
(1952) reports that the number and kind of organisms present 
is determined by the temperature of the soil. The activity 
of ffllcroorganisias increases with soil temperature until the 
optlfflum temperature is reached. Further temperature Increase 
is accompartied by a decline In the microorganism's activity. 
The physical and chemical processes within the soil are 
also aependent upon its temperature. Jenny (1941) demon­
strated the importance of temperature to the development of 
the soil's morphological characteristics. Eid, Black, and 
Kenpthorne (1951) noted that the rate of release of organic 
phosphorus was dependent upon the temperature of the soil. 
Bouyoucos (1915) relatt;d such physical processes as water 
movement and air diffusion to the temperature of the soil-
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II. ROTIEW OF LITERATURE 
A* Modifying Effect of the Soil's Thermal Properties 
Ihen the tenperature of si body Is not uniform, heat v/111 
flow from the hotter to the colder portions of the body. Heat 
transfer In soli Is either downward from a relatl\'ely vmrm 
surface during the day time or upward toward a compsratively 
cool surface at night. Ingersoll, Zobel, and Ingersoll (1948) 
discuss this and other related heat transfer probleras. They 
show that the rate of heat flow In a material Is given by 
q » - kA 4®- (1) 
where q 1B the rate of heat flow 
A Is the area 
©Is the temperature 
X Is the distance 
k Is the apparent thermal conductivity of the material. 
The resulting temperature change also depends on the specific 
heat, c, and density, p> , of the material. The thermal dlf-
fuslvlty, t which Is an Index of the ease x^lth which a 
material will undergo temperature change, is related to k, 
o, and /c by equation (2), 
.  ( 2 )  
The constants of equation (£) define the thermal properties 
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which determine the temperature distribution in the soil. 
Prior to the twentieth century some attempt was made to 
measure the soil's thermal properties- Thomson (1861) cal­
culated the thermal conductivity of the earth crust to a 
depth of twenty-four feet- Callendar and McLoed (1897) deter­
mined the thermal diffusivlty of soil. These latter investi­
gators found the thermal dlffusivity of soil to be high during 
the spring and fall and low during the winter and summer. The 
low sumr0er values seemed to be associated with the dry sur-
fe,ce soil layer, irtille the low diffusivitles of winter were 
the result of const.ant snow cover. These results indicate 
that more rapid changes in soil temperature occurred during 
spring and fall than during winter and summer. 
Since 1900 other investigators have studied the thermal 
properties of soils. Patton (1909) examined the variation of 
the soil's thermal properties with moisture content. He 
noted that while thermal conductivity Increased with increes-
Ing moisture content throughout the moisture renge, thermal 
diffusivlty increased with increasing moisture only at lower 
moisture contents. At high moisture content the diffusivlty 
decreased as the percentege of soil moisture was increased. 
This irregular behavior of thermal diffusivlty was attributed 
to the effect of the high specific heat of the soll-tirater 
systeai at the high moisture contents. These results indicate 
a complex relationship between soil moisture and soil tempera­
7 
ture. At low moisture contents the addition of v/ater would 
increase capacity of a soil to change temperature, while at 
high moisture content the reverse would be true. 
Using dry soils. Smith and Byers (1938) measured the dif­
ferences in the thermal conductivity of dry soils. They noted 
an Inverse relationship between porosity and thermal conduc­
tivity. Coarser textured soils received heat more rapidly 
than the finer textured soils. 
A coiisprehensive study of the thermal properties of nine­
teen different soils and soil materials was conducted by 
Kersten (1949). He observed that the thermal properties of 
froaen soil were greatly different from unfrozen soil. In 
general, the conductivity and diffusivity of frozen soil were 
greater than for unfrozen soil. At low and moderate mois­
ture contents the diffusivity increases with increasing mois­
ture content, but this is not necessarily true at high mois­
ture contents. Changes in soli density had only a small 
effect on the thermal diffusivity. Kersten's work Indicated 
that the most rapid temperature changes occurred in frozen 
soils and in soils with moderate moisture content. 
The temperature of the soil is determined by rste of 
heat exchange in the soil. Ingersoll, Zobel, and Ingersoll 
(1948) have shown that the temperature at any time is a 
function of the thermal difi'usivity of the soil and the 
temperature gradient. They give the solution as a differ-
8 
©ntlal equation In one dimension, 
<'e-o(iL!e. (3) 
t 
This solution has the boundary condition for a sinusoidal 
wave applied at the soil surface' (x » 0), 
Sin at X at 0 (4) 
and the Initial condition 
fix) . (5) 
In the above ©quatlons; e Is temperature 
t Is time 
X is depth 
^ Is thermal dlffuslvlty 
^0 'the temperature at t = 0. 
The solution of the differential equation {3) is well known 
In physlGS. Keen (1932) gives it as 
^ ^ Sin 2T^(| - (6) 
where T is the time period of the wave 
^Is the vime length 
/J IaJ ;ss , 
The aame solution based on a hydrologic sssdel has been given 
by Dobrowsky (1944). 
Keen suggests that equation (6) is not practicable- It 
presumes that the rriaterlal Is homogeneous es to its thermal 
properties. He noted that soil is not homogeneous since it 
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varies in moisture aiid density with depth, portraan (1955) 
als0 noted that thermal diffusivity varied with depth and 
observed that it ^vas not constant with time. Since equation 
(6) does not provide a realistic solution other means for 
obtaining a prediction of the temperature of the soil xvill 
be sought. 
B. Importance of the Physical Factors of the Soil 
It was expected for a long time that the physical condi­
tion of the soil would exhibit an effect on the temperature 
of the soil. Investigating this point Bouyoucos (1913) found 
little variation in the temperature of soil of different tex­
tures during most of the year. It was noted that in spring 
the coarser textured soils thawed first. One pesty soil did 
not thaw unt-1 ten days after the frow^st had left the sandy 
soil. Cultivation had a distinct effect on the temperature 
of the soil. The uncultivated soil was tsiarkedly i^ferrner in 
summer than cultivated soil, while in winter the temperatures 
were virtually the aarae- Later, Bouyoucos (1916) reviex-jed 
additional data and confirmed his conclusion that all soils 
tend to have the same temperature under the same aieteoro-
logical conditions. Tailing the case of peat and sand as an 
exaiiiple, the author observed that peat has a black color, 
low heat conductivity and a high water holding capacity; 
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wilile saM exhibits a light color, higher heat conductivity 
and a low water holding capacity. These properties compen­
sated for each other In such a way that in each soil about 
the same temperature was observed. Bouyoucos noted that dur­
ing the spring this uniformity of temperature did not hold. 
He concluded that unequal temperatures were due to the differ­
ence in heat required to melt the ice of the soilwater sys­
tems. It v&B also recognized that topography and soil cover 
affected the observed soil temperatures. 
C. Meteorological Factors 
It has long been conceded that meteorological factors 
are functionally related to the temperature of the soil. An 
examiriatxon of the literature reveals that few attempts hsve 
been made to isolate these relationships. These efforts have 
been associated with the effects of solar energy and air 
tei/iperature on soil temperature. Apparently, no effort has 
been made to Isolate the effects of cloud cover, wind, or 
precipitation on soil temperatures. 
1. Solar energy 
The chief difficulty in relating solar energy to soil 
temperatures has been the absence of basic obs-ervatlonal data. 
11 
To overcome this difficulty, Knott (1902) related earth tem­
peratures to calculated solar heat values. He nhowed that 
approximately one per cent of the calculated solnr heat 
reaching the surface in England was stored In the noil pro­
file during the summer season. Hiis heat was lost from the 
soil during the winter. 
Slegenthaler (1933) used sunshine duration and cloudi­
ness as indices of solar energy. In winter, soil tempera­
tures were negatively correlated with sunshine duration and 
positively correlated with cloudiness. Since solar ener,:?y 
varies directly with the sunshine duration and inversely with 
cloudiness, these correlations seem to Indicate a negative 
relationship between solar energy and soil temperature. 
This unexpected result Is probably due to the interaction 
between air temperatures end cloudiness. In winter, cloudless 
days are usually associated with cool air masses, while cloudy 
days occur more often in warm air masses. No roathematical 
attempt was made to Isolate the effect of air teir.persture 
froiB that of cloudiness. Slegenthaler's results for the sum­
mer season were different. Sunshine duration was positively 
correlated with the temperature of the soil, while the cloudi­
ness was negatively correlated with soil temperatures. 
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2- Air temperature 
Many attempts have been made to relate air temper'-^tures 
with soil temperatures. Franklin (1919) presented an empir­
ical relationship for determining the temperature of the soil 
from air teiBperatures. This equation was intended to provide 
information on the clanger of frost during late spring and 
early fall. Slegenthaler (1933) found correlation coeffi­
cients betweea air and soil temperatures of the order of .9. 
He noted that the temperature ten centimetare below the sur­
face was nearly the same as the air temperature in xjinter, 
but averaged two degrees Centigrade warmer in summer. Pen-
mm (1943) presented on a scatter diagram an excellent agree­
ment between air and soil temperatures. The scattering of 
points indicate a linear relationship. It v/as concluded that 
air temperatures were related to previous soil temperaturos. 
Langbein (1949) pr@s©nted the solutlon to a differential equa­
tion which related soil and air temperatures. There good 
agreement between predicted and observed iireekly mean soil 
temperatures. 
Considerable effort has been made to predict the depth 
of frost penetration by air temperatures. Fuller (1936) 
outlined a laethod which used the surriSBation of temperatures 
below thirty-two degrees Fahrenheit as an index of the depth 
of frost penetration. Berggren (1943) developed a differ-
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©ntial equation which related frost penetration to tempera­
ture . Shannon (1945) compared the temperature summetion 
method with that of Berggren. He found that the equation 
of Berggren consistently overestimated frost penetration, 
which indicated that some aaJUBtment wae necessary- Shannon 
notes that satisfactory results xvere obtsined by the summa­
tion method. 
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III. PHOCEDyRES 
A. Observational Procedures 
1. Soil temperature observations 
a* Qbaerv&tlonal equipment. Soil temperatures were 
measured with oopper^-constantan thermocouples. The thermo­
couples provided accurate point estimates of temperature with­
out the installation of large protective tubes. Copper-
cons tantan was employed because of its stability and effec­
tive temperature range. A similar method of observation had 
been previously successfully used by Mail (1935) and White 
(1946). 
Since copper readily corrodes in the presence of vmter, 
it was necessary to protect the thermocouple and thermocouple 
lead wires from the action of soil water. Each thermocouple 
was imbedded in a three-eighths inch copper tube- This was 
accomplished by pinching the tube over the thermocouple and 
soldering the pinched end. Each thermocouple lead wire was 
inserted in a Tygon tube to prevent deterioration of the lead 
wire insulation. 
The thermocouple readings were made with a semi-precision 
portable potentiometer. Leeds and Northrup (1949), manufac­
turers of the instrument, claim an accuracy of 0.3 per cent 
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of tiie instrument's range. Since the potentiometer range was 
170 degrees Fahrenheit, the expected accuracy was one-half a 
degree. 
,13. Observational methoda. The soil temperature observa­
tions wei'e obtained from six foot square plots located near 
the Weather Bureau observing station at the Municipal Airport 
in Coluiibia, Missouri. There were six plots from which 
observations were taken. Three of these plots were maintained 
fallow, while the remaining three remained in grass. The six 
plots fcere arranged in three blocks of two plots. The type 
of cover for each plot was randomly selected with the limita­
tion that each block, have one fallow and one grass plot-. 
The topography of the area is gently rolling, and the 
plots were located in an area with a very slight slope toward 
the south. The soil type is Mexico silt loam. This soil, 
the properties of which have been described by Whiteside 
and Marshall (1944), is found in association with the Putraan 
silt losjn of northeast Missouri. The soil is best Icnown for 
its tenacious subsoil, which has apparently resulted from the 
clay accumulation in the upper B horizon. 
Soil temperature observations were taken at three, six, 
twelve, and twenty-four Inches below the surface. Two obser­
vations were taken at all depths In each plot. The installa­
tion of thermocouples was accomplished by drilling a hole to 
the depth of twenty-four inches, and installing one thermo­
16 
couple at each of the four depths. The observation points 
were located, in the corners of the center one square foot of 
©ach plot. The corner to be used for the first observation 
point was selected at randoiii, and. the second location was 
jjlaced in the corner diagonally across from the first. In 
the remaining two corners of the center one square foot, soil 
moisture blocks were installed. In Figure 1 are shown the 
locations of thermocouple and moisture block observing points 
on a plot layout diagram. 
The fygon tubes, which protected the lead wires from the 
four depthe^, were Inserted into holes of an ordinary fruit 
jar lid. Mter the observations had been recorded, the lead 
wires were placed inside a one-qu8rt fruit Jar, and the jar 
was screwed on to the lid. The end of the thermocouple lead 
wires were protected by the jar between observation times. 
Each day six observations were taken at every depth under 
each type of cover, making a total of forty'-eight daily thermo­
couple observations. It required approximately thirty minutes 
to record the temperatures from all thermocouples. A system 
of randomization of the order of reading the theruK)couples 
was derived, so that tht temperatures from each location 
were obaervesd in each order the sajne number of times. The 
daily average temperature at each depth under grass and 
fallow covers are given In Appendix A. Each of these values 
la the average of six observations-
Block 1 Block 2 Block 3 
Plot 1 
X O 
O X 
Grass 
Plot 3 
O X 
X O 
Fallow 
Plot 5 
X O 
O X 
Grass 
Plot 2 
X O 
O X 
Fallow 
Plot 4 
X O 
O X 
Grass 
X Position of Thermocouples 
O Position of Moisture Blocks 
Plot 6 
X O 
O X 
Fallow tJ 
Figure 1. Diagram of soil temperature observation plots showing the location of the thermo­
couples. 
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g. Soil iBQlsture observatlonB 
Method of measurement* It has been observed that the 
thermal properties of soils vary with the nK>isture content. 
Thermal conductivity increases with increasing moisture con­
tents over the entire soil moisture range; while thermal 
diffuslvity increases with moisture content at the low soil 
B©isture values. In order to develop an adequate means of 
eBtimating the temperature of the soil it is necessary to 
obtain a measurement related to the soil's moisture content. 
Bouyoucos and Micit {1940) reported field trials on the use 
of gypsum blocks to meesure soil moisture. This method, 
which is widely used in soil moisture studies, is based on 
the measurement of the electrical resistance between two 
electrodes imbedded in a gypsuni blocfe. When the gypsum 
blocks are placed in the soil, a moisture equilibrium is 
established between the block and soil system; so the mois­
ture content of gypsum block is related to the moisture con­
tent of the soil. Since the electrical resistance of the 
gypsum block decreases with increasing moisture content, 
there is an indirect relationship between the block's elec­
trical resistance and the moisture content of the soil. 
b. Observational method. Two gypsum blocks were install­
ed at three, six, twelve and twenty-four inches below the 
surface of each plot. The positions at which these blocks 
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were placed are shoii?n In the plot layout diagram In Figure 1. 
The moisture content of the soil did not change every 
day. This was psrtloularly true during the winter when there 
was low precipitation and little opportunity of evaporation. 
Resistance readings were not collected on most winter days 
since no nasisture change was anticipated. During other 
seasons of the year the moisture content of the fallow plots 
varied little from day to Q£iy, so measurements within all 
the fallow plots were not made dally. Resistance readings 
for those days xi/hen observations were not taken were esti­
mated by a siisiple graphic method. Since electrical resist­
ance also varies with temperature, the electrical resistances 
used as a Bieaaure of soil moisture were corrected to a stand­
ard temperature. White (1946) reported Peele and Beale as 
evaluating the relationship of temperature to the electrical 
resistance of the gypsum block as, 
log Re » fl + .002 ( ^0 - 0q)J log Ro (7) 
where R© Is the electrical resistance corrected to ^q, the 
standard temperature, 
EQ IS the electrical resistance measured at ^Q, the 
soil temperature at observation time. 
Each observed and estimated electrical resistance was corrected 
to a standard teinpersture of 80 degrees Fahrenheit according 
to Equation (7). In Appendix B the mean dally electrical 
resistances are shown. 
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3. Meteorological measurements 
a. Pescrlption of weather stations. Meteorological 
measurements were taken at government weather stations. The 
U. S. Weather Bureau (1951) has published Instructions for 
the observing procedures and a description of the weather 
Instruments used to obtain the measurements. The air tem­
peratures I'tfere measured in standard instrument shelters. 
fhe shelter at the Weather Bureau's installation in Columbia, 
Missouri is located over a grass surface near an airport 
apron. The anemoiaeter used for measuring the wind velocity 
at Columbia is located on a roof forty-eight feet above the 
ground. Solar energy was measured by a pyrhellometer which 
was also exposed on the roof. 
b. Air temperature observations. A functional relation­
ship exists between the temperature of the soil and the temper­
ature of the air mass above the soil surface. One method of 
describing this relationship is to consider the temperature 
of the soil as a function of the temperature of the invading 
air and as a function of the previous air temperatures over 
the area. It is reasonable that cold air moving over a warm 
surface would produce warmer soil temperatures than would 
cold air moving over a cold surface. The temperature of the 
invading air was taken to be the temperature of the air found 
21 
23 hours earlier upstream from Columbia, Missouri, or at 
6:30 p.m. on the previous day. The previous air temperature 
over the area was selected, as the 6:30 p.m. Columbia, Missouri 
temperature on the day previous to the soil temperature obser­
vations . 
To obtain the temperature of the invading air at 6:30 p.m. 
on the previous day, it was necessary to trace trajectory of 
the air movement. A method for finding the trajectories from 
the measured geoatraphic wind was described by petterssen 
(1940). Trajectories were prepared by six hourly intervals, 
6:30 p.m., 12:30 a.m., 6:30 a.m. and 12:30 p.m., from the CST 
synaptic weather maps. These maps were the fascimile repro­
ductions of the maps prepared by the Weather Bureau, Air 
Force and Havy Analysis Center in VJashington, D.G. By this 
means, the movement of the air over Columbia at the time of 
the soil temperature observation v.-as traced upstream to its 
position 23 hours earlier. The air temperature reported at 
government weather station nearest to this upstream location 
at 6:30 p.m. CST on the day previous to the soil temperature 
observation was taken as the temperature of the invading air* 
The weather stations, whose data were utilized, are shown in 
Figure 2. The 6:30 p.m. Columbia air temperature on the day 
previous to the observation was used as the previous air 
teuperatures over the area-
A second method for describing the functional relation-
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Figure 2. Weather stations from which upstream air temperatures 
were obtained. 
fillip between air mess and soil temperatures is to relate the 
soil temperature to the air temperpture occurring at the same 
time. This method is simpler slnoe it requirevS only one 
observation, and this method has been used previously by 
othsr investigators. The chief difficulty with this simpler 
method is that it le impossible to separate the effect of the 
temperature of the invading air. The 5;30 p.m. Columbia air 
teaiperatures for each day with soil temperature observations 
were used, as the air temperatures current with the soil 
teiiperature observations. 
The temperature of the deeper soil layers lags behind 
the temperatures nearer the surface. This lag has been esti-
•iaat€?d by Bliss {1942), Callender and McLoed (1897), Decker 
(1955), Keen (193l)j McKenzle-Taylor and Williams (1924),. 
Russell (1950) and Wollny (1878). These estimates have been 
plotted on Figure 3 and a smooth curve was fitted to the data. 
It is indicated from this figure that; 
(1) The six inch soil temperatures are determined by 
the air temperatures three hours earlier. 
(2) The twelve inch temperatures are determined by the 
air temperatures ten hours earlier. 
(3) The twenty-four inch temperatures are determined 
by the air temperatures thirty-two hours earlier. 
Since in this investigation the soil temperatures were taken 
at 5:00 to 5:30 p.m., it seems reasonable that the six inch 
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ire 3. Time lag between the air temperature at five feet 
re the surface and the temperature at selected depths be-
the surface. 
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temperature should be best related to the 2:30 p.m. air tem­
perature, the twelve inch temperature should be determined by 
the ?:-30 a.m. temperature, while the twenty-four inch temper­
ature should be related to the 9:30 a.m. temperature the 
previous day. The air temperatures for Columbia for these 
three hours were used for these temperature variables. 
Solar energy obaervations. The amount of solar energy 
received determines the amount of heat available for warming 
the soil. On days when the solar energy is high, more energy 
is available for absorption and higher soil temperatures ere 
expected than on days with low insolation. The data used 
were the daily energy values in gram calories per square 
centiiaeter per day obtained at Columbia for each day with 
soil temperature observations. 
d. Sight oloudiness observations. Late in the day the 
outgoing terrestrial radiation becomes dominant over the 
inco2iliii5 solar energy. At darkness the solar energy no longer 
reachss the earth's surface while terrestrial radiation from 
the surface continues throughout the night. Cloudiness is 
important in controlling the amount of heat lost from the 
surface by terrestrial radiation. Increasing the amount of 
sky cover reduces the ajuount of energy lost from the surface 
by this rsdiational process and will result in higher soil 
teffiperatures. The average night cloudiness was computed from 
the thirteen regular hourly observations from 6:30 p.m. to 
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5:30 a.m. at Columbia. 
e. wind observations. Air moveKient provides another 
mechBnlsm for the transfer of heat at the surface. A strong 
wind is associated with a rapid heat transfer, and usually 
results in lower soil temperstures. The average wind speeds 
for the twenty-four regular hourly observations betvjeen 5:30 
p.m. of the day previous to the observation and 4:30 p.m. 
of the day with a soil temperature observation were computed 
for Columbia-
B. Statistical Procedures 
1. Nomenclature for the statistical analysis 
fhe problem under consideration is the development of 
equations for predicting the average temperature of the soil 
at selected depths. 'Ilie dependent variables are the average 
soil temperatures listed in Appendix A. The Greek letter 
theta, is used to designate soil temperature observation. 
Primes are used for variables measured under fallow cover, 
while the absence of primes refers to measurements under a 
gxass cover. 
(a) ^'5 the average dally three inch soil temperature 
under grass. 
(b) the average daily six Inch soil temperature 
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under grass. 
(c) ^12 the average daily twelve Inch temper'-ture under 
grassi 
(d) average daily twenty-four inch tempers,ture 
under gress. 
In the cases where the dependent variables are identified as 
^3» ^6» ^12 ^24> temperatures are the three, six, 
twelve and twenty-four inch temperatures under fallow Boil, 
Meteorological factors and. the soil moisture electrical 
resistance were used as Independent variables. For brevity 
the following symbols have been applied tc these factorsj 
(a) the air temperature at Columbia, Missouri at 
6:30 p. Hi. on the day previous to the soil temper­
ature observation. 
(b) the temperature which the air over Columbia, 
Missouri at the observation time had at 6:30 p.m. 
upstream on the previous day. 
(c) T.n the air temperature at Golumbis, Missouri at 
5:30 p .m. on the sejiie day as the soil temperature 
observation. 
(d) f3 the air temperature at Columbia, Missouri at 
2:30 p.m. on the same day as the soil temperature 
observation. 
(e) 'r4 the air temperature at Columbia, Missouri at 
7:30 a.m. 
kB 
(f) Tg air temperature at Columbia, I€issourl at 9;30 
a-m. on the day previous to the soil -cemperature 
observation. 
(g) S the total solar energy reaching the surface each 
day et Columbia, Missouri. 
(h) C the average cloudiness during the night previous 
to the soil ternperf:=ture observation at Columbia, 
Missouri. 
(i) ¥ the average wind speed for the twenty-four hour 
period ending at the tinie of the soil temperature 
observation• 
(j) Mj_ the soil moisture electrical resistance under 
grass cover where i refers to depth of measure. 
I 
(k) MjL the soil moisture electrical resistance under 
failo¥ soil where i refers to the depth of measure­
ment . 
2. Models for the statistical analysis 
The statistical analysis was conducted to provide a 
method for determining the functional relationship between 
the average soil temperatures at selected depths and the inde­
pendent variables. The models for the analysis were redefined 
for each depth on the basis of reesonable considerations. 
Two laodels were presented for the prediction analysis 
of the three inch soil temperatures. In the first, the three 
inch soil temperatures ^3 and ^,3 are related to the tem­
perature Ty of the Invading air, the previous air temperature 
Tl, and the other independent variables as; 
^3 « f(Ti, Tu, S, C, ¥. M3) 
= fdl, Tu. S, a, W, M3) . 
The second model ie like the first except that the air 
tempereture at the time of observation T2 replaces end T^* 
^3 =. HTg, S. C, W, M3) 
^ - fiT2, 3, C, ¥, M3) 
When the functional relationship for each model Is derived, 
coinparisorif3 v/ill be possible for determining which model gives 
ttie core suitable results under fallow and grass conditions. 
For the prediction of the soil temperature at the deeper 
levels a r.irapler iiiodel Is proposed. At thene levels the soil 
teniperature is presumed to be related to tiie air temperature 
occurring at an earlier time due to the time lag Tj between 
temperature and depth, the soil moisture Mj at the depth, and 
the soil teraper8,ture at next higher level. The statistical 
models for these analyses become: 
^6 f(T3, Me, ^3) 
f(T3, 
f(T4, ^
'l2» &Q) 
12 f(T4, 0*^) 
•50 
^24 " ^^^5* %4» ^is) 
^24 ^(''^'5' ^24» ^12) * 
3. Procedures for the statistical ajaalyslg 
On the basis of the previously listed models ten separate 
analyses were necessary. Because of the amount of data, 
these aiiralyses could not be conducted by ordinary procedures. 
Data from the Appendix were placed on I.B.M- punch cards, and 
many'of the tabulations tA/ere made by machine procedures. This 
niethod of tabulation pro'^ided a quick and error-free analysis. 
The procedure employed was a multiple regression analysis. 
To obtain the regression analysis the system of G-ausslan 
Multipliers was used, since it provided excellent checks and 
computational safeguards. A complete aiid simple description 
of this method for computation of the multiple regression 
analysis was outlined by Ostle (1954). 
In a preliminary analysis the independent variables were 
related to the three inch soil temperature increase frons one 
day to the next. Since only fair results were obtained, it 
was decided to in¥estigete the possibility of gaining an 
improvement by conducting the sxialysis accor'ding to season. 
The year was divided into four seasons, and a separate anal­
ysis was prepared for eech season. The winter season comprised 
observations for December, January and February. The spring 
oX. 
armlyses were taken from observations recorded In March, April 
and May. Summer was defined as June, July and August, while 
fall was made up of September, October and November. The 
rmmber of regression analyses v^as increased to forty, since 
ten were necessary for each, season. 
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I?. RESULTS 
A' Prediction of the Three Inch Soil Temperature 
1• Prediction analysjg under grass cover 
a* Analysis which employed the temperature of the invad--
ing air and previous air temperature- According to the pre­
viously presented model the three inch soil terfiperpture under 
grass Is functionally related to six variables. Thef?e vari­
ables ere: Ty, the temperature of the invading air; Ti, the 
previous air teroperature; S, the total daily sol&r energy; 
C, the average night cloudiness; W, the average dally wind 
velocity; and M3, the average three inch soil moisture 
resistance under the grass cover. 
The simple correlation coefficients, which show the rela­
tionship between all variables, are shown In Table 1. These 
correlation coefficients Indicate a consistent relationship 
between the dependent and the Independent verlables. The 
three Inch soil temperature Is significantly correlated with 
Tu and Tj, during all seasons, and with S, ¥ and M3 on three 
out of four seasons. Only C failed to be vSlgnificantly cor­
related i\dth the three Inch soil temperature under graphs dur­
ing all seasons. These correlation coefficients also exhibit 
a marked relationship between the independent variables. 
Table 1* Simple correlation coefficients used in relating 
the three inch soil temperature under grass ^3 
to T„, S, G, and M3 
Yariable 
far 1 able fi S C W M5 
03 
Hu 
S 
c 
¥ 
(ft 
u 
c 
w 
^3 
hi s 
c 
ifii 
^3 
Tu 
C 
w 
.403«<^ 
.622*^ 
^ ?91«': 
Winter 
. 77Q»-i5. 
.229 .145 .336^^-:^ - . 330-"-
.270^ -.069 .065 .050 -. 273-» 
.021 .020 .412-^«' -.300^ 
— 
.483 • .045 -.4oa'i!-« 
.165 .021 
-.046 
Spring 
.8374H^ .350®«' •• .062 . 262 .164 
.614«^ .053 .018 .289^ . 257'=^ 
.033 • 005 .026 • 175 
.505®* .333 .033 
.351-!^^^ -.106 
.044 
Summer 
.713»# -564«* .100 . 261^^ . 49 
.493^''-*''' -.255-'^ .215-=^ .214^^ . 318^^^'^ 
.143 — .067 .086 .442.ti.« 
— .393^^* .262-*^ .098 
.182 -.058 
.012 
Fall 
.912«* . 769*^- .200 .195 .411«-»^ 
.679## .454'^® .294^ .321^^ .417'»-s^ 
. 618"'H^ — .126 .010 .391## 
.347 • 228 .073 
. 388'i^ 
-.081 
-.130 
^^Correlation coefficients aignificarjt at the five per 
cent level. 
''^•^Correlation coefficients significant at the one per 
cent level. 
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fMs Interdependence between the Independent vsriables is 
most raarked in the case of Ty, which is significantly cor­
related with all other Vi3.riables during the summer and fall 
seasons. 
The rejgression analysis was conducted through the use of 
the correlation coefficients of Table 1. A correlation coef-
ficlf-nt iMti^ix was formed; siid using the method described by 
Ostle (1964), this matrix was transformed, into one contain­
ing the Gaussian multipliers. The Gaussian multipliers were 
used to compute the multiple correlation coefficients, par­
tial regression coefficients, and other useful statistics. 
The computed multiple correlation coefficients, R, for 
the analysis of each season are listed in Table 2. Also pre­
sented in this table are the squares of the multiple corrsla-
Table 2. Multiple correlation coefficients and standard 
errors of estimate for the regression analysis 
of three inch grass soil temperature 03 using 
^1» W, and M3 as independent variables 
Standard error 
Season R of estimate 
Winter .835 .6994 3.64 
Spring .942 -8864 3.53 
Suffiffler, -923 .8524 2.27 
Fall • .975 .9511 2.68 
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tlon coefficients which Inrllcp.te the percentage of the total 
'\rariatlon ejcplalned, by the independent vnrlables, and the 
standard errors of estimete. The latter statistic indicates 
the precision associated ^-jith the prediction equation and it 
is used as a. basis for the computation of the standard errors 
of trie partial regression coefficients. 
The partial regression coefficients found in this analysis 
are listed in Table 3, along with the standard errors of each 
partial regression coefficient. These standard errors -were 
used in .the computation of the t-statistlcs which -were used 
la testing for the significance of the partial regression 
coefficients. The partial regression coefficients for Ty, 
and 3 tested significantly different from zero for all 
seasons. The significance of the remaining partial regres­
sion coefficients verled from season to season. Variables, 
which produced insignificant partial regression coefficients, 
were reujoved; and a new multiple regression analysis vms com­
puted. Taole 4 lists the multiple correlation coefficients 
based on these variables. A comperison of Table 4 with Table 
2 reveals that the removal of the insignificant variables dld'nt 
materially reduce the correlation coefficients. The computed 
multii^le correlation coefficient for the fall season shown In 
fable 4 is 0.001 larger than the corresponding coefficient in 
iable £. This is theoretically impossible, and must be due 
to rounding errors in the computation of G-ausslan multipliers. 
Table 3. partial regression coefficients and their standard errors used in the 
prediction of the three inch soli temperature under g;rass 
Variable 
Season Statistic R C ¥ M3 
Winter Regression 
coefficient .014«-» -.0085 .152 .00026 
Standard 
error .041 .030 .0054 .146 .164 .00043 
Spring Regression 
coefficient .4Q6^s-## - .258^'' -.000047 
Standard 
error .036 .043 .0027 .143 . 1 ofe 
V 
.00015 
Suiamer Regression 
coefficient .Qie^f.iH^ . 374«-w » 1 0
 
M
 
. 000001 
Standard 
error . 0£9 .041 .0019 .088 .105 .00000039 
i'all Hegression 
coefficient .190#<f-x- .375sH^4J -.129 .0000023-5^^^ 
Standard 
error .0-31 .04ii .0033 .120 .139 .00000094 
•^••^'•^'^Sijinificant at the one per cent level-
^^-^Significant at the five per cent level. 
••'^Signii'lcant at the ten per cent level. 
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Table 4- Multiple correlation coefficients of three inch 
soil temperature under grass xi?ith independent 
variables as indicated 
Season Independent variables R R' 
Winter 
Spring 
Suiniaer 
Fall 
T^, Ti, 3 
Tu, Ti, S, C, W 
I'u. Tl. S, C, M, M3 
'^u» "^l* ^3 
.833 
.941 
.923 
.976 
. 6943 
.8862 
.8524 
.9529 
fhe least squares solution of the regression anslysls is 
^3 « too + -J- bgTj^ -t- b4C -i. bsVI + bgjfg (8) 
where ^3 is the estimated three inch soil temperature under 
grass, and 
bp a ^3 - - b22'i - b33 - b4G - b5¥ - bgMg (9) 
where the bars denote the sam^ple means. A separate regression 
analysis is availabl© for each season of the year, and ere 
shoMn In equations (10) through (13). 
^3 « 23.00 + .080% + .322T3_ + .012S (10) 
^3 « 16.89 + .l&9Tu + .466^1 + .018S + .404G - 266¥ 
(11) 
^3 » 32.91 i- .144fy + .378Tx t- .0183 + .3740 
- 401W + .0000015 M3 (12) 
^3 17.3? + .201Tu + .360TI .029S +• .2580 
.0000024 M3 (13) 
Winter! 
Spring; 
Summer: 
Fall: 
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b,. Analysis employed the air temperature occurrlnp: 
&t the time of the soil temperature observation. According to 
th© hypothesis of the second model the three inch soil tem­
perature is related to five variables. In this analysis the 
air teiBperature, Tg, at the tiine of the soil temperature 
observations is employed in place of and T^. All other 
variables are the seine as before and consist of S, G, V/, and 
I3. 
'ihe additional correlation coefficients needed to form 
the correlation mgi,trix for this analysis are shown in Table 
5. These correlation coefficients, which exhibited a marked 
interrelationship between Tg and the other variables, were 
Taule &. Simple correlation coefficients relating to the 
air temperature T2 at the time of the soil 
temperature observation with the other varisbleB 
Variable 
Season ^3 S C W M3 
Winter .098 -.175 .104 
Spring .856'«-# .309* -.170 - .307^ .272-» 
Suraraer . 528^-^» -.176 -.16S .515#-is-
Fall .956-iHS' .699^'^ -.256* -.180 .386^^ 
^''•••'••Signifleant at the one per cent level. 
'^''Significant at the five per cent level. 
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used to complete the multiple regression analysis- ITie 
multiple correlation coefficients ©"btained sre shown in Table 
6, and they are smaller than those appearing in Table £. 
This indicates the.t a larger per cent of the variation was 
fable 6. Multiple correlation coefficients and st8.ndard 
errors of estimate for the regression analysis 
of the three inch grass temperature ^3 using 
Tg, R, C, W, and 143 as Independent variables 
Season R 
Standard error 
of estisiate 
Winter .821 .6736 3.76 
Spring .374 . 7631 5.04 
Summer .897 .8044 g. 60 
Fall .972 .9448 2.82 
explained through the use of Ty and Tx than was explained 
when only T2 was employed. 
The partial regression coefficients and their standard 
errors are given in Table 7. All of the partial regression 
coefficients for Tg and 3 are significantly different from 
zero, if the ten per cent level of significance is accepted. 
In three out of fciie four seasons partial regression coeffi­
cients for Q and 'w were signifioaiit, while the partial regres­
sion coefficients for M3 were significant during only two 
seasons. All variables, which failed to yield significant 
fable 7. Partial regression coefficients and their standard errors for 
predicting the three irich soil temperatures under grass 
¥aria.ble 
Season Statistic % S C iV M.3 
winter Regression 
coefficient .368^«« .0099* .045 .504«^'» .000010 
Standard 
error .044 .0054 .152 .153 .00043 
Spring Regression 
coefficient .0085** .421^* .0052 -.00017 
Standard 
error • 056 .0039 .203 .207 .00022 
Summer Regression 
coefficient .512##-:.' .0080^^* .g464H^ - . 258^^-^ .0000011«'»^ 
Standard 
error .051 .0025 .101 .115 .00000048 
Fall Regression 
CO efficient .532^^^'^ .327^^^^ -.081 .OOOOOSO^^-i^® 
Standard 
error .036 .0037 .124 .134 .00000098 
^•^^Slgnlfleant at the one per cent level. 
«"^^Sign If leant at the five per cent level. 
^^Slgnlfleant at the ten per cent level. 
41 
partial regression coefficients, were rejected; and a new 
analysis was computed using the remaining variables. The new 
multiple correlation coefficients are listed in Table 8, and 
eoaiparisoii with Table 6 shows that almost no information was 
lost through the removal of the variables. 
Table 8 .  Multiple correlation coefficients of the three 
inch soil temperature under grass with the 
indicated independent variables 
Season Independent variables 
Winter 
Spring 
Suaamer 
Fall 
Tg, S, ¥ 
S, C 
T2. S, G, ¥, M3 
T2, S, C, M3 
.820 
.872 
.897 
.972 
.6730 
.7607 
.8044 
.9444 
From this analysis t of regression equations were 
obtained. These equations, which are shown in equations (24) 
through (27), are similar to equations (20) through (23), 
except that Tg is emplosred as a predictor instead of Tu and T]L . 
Winter: ^3 » 17.46 + .366T2 -OOSES + .512W (14) 
Spring: ^5 a 15.03 + .627T2 -t- .0088S 4- .4 3 70 (15) 
Suffiiaer: ^3 » 35.05 .512T2 + .0080S + .2460 
- .258W -s- .OOOOOIIM3 (16) 
Fall: ^3 « 19.95 i- .63212 + -O^lS + .301C 
-i- .0000030M3 (17) 
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2' Predlotlon analysis under fallow cover 
a. Analyels which employed the temperature of the inva.d-
Inig air and the previous air temyjerature. The model for this 
analysis indicates that three inch temperatures under fallow 
soil is related to: the temperature of the invading air 
massj Ti, the previous air temperature; S, the total daily 
solar energy; G, the average night cloudiness; W, the average 
dally wind velocity; and M3, the average soil moisture 
resistance three Inches below the fallow surface. 
The correlation coefficients which related the three 
inch fallow temperature and the three inch soil moisture 
resistanoe GO other variables are shown in Table 9. Other 
correlation coefficients needed to form the correlation matrix 
are given in Table 1. The computed multiple correlation 
coefficients obtained in this analysis are listed in Table 
10. The multiple correlation coefficients are approximately 
equal to those found for grass cover, but the standard errors 
of estimate for the fallow analysis are consistently larger. 
This is Indicative of a larger variEbility of the temperature 
under a fallow soil. 
The partial regression coefficients, obtained in this 
analysis are listed in Table 11. All variables not producing 
partial regression coefficients significant at the ten per 
cent level were removed from the analysis, and a new regrea-
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Table 9. Siiaple correlation coefficients for relating the 
three inch soil temperature dk under fallo-w and 
the three inch soil moisture M3 with the other 
variable! 
Variable 
Season Variable Tu Ti S C W M3 
Winter .434** .773#^^ .246 -.180 .289* -.326<» 
-.170 -.200 -.043 -.062 -.167 
Spring 
^3 . 718«^^ .792## .378«-» -.128 -.259* .231 
Mi .029 .041 .281* -.295 -.098 
Summer 
^3 .621* if . Sll'^^'- -.206 .705'»» 
M3 .303 .385^^^^ .192 -.091 -.178 
Fall 
^3 .802-»« .9>;3»« . 7394»# -.248« -.193 .420^^^ 
M3 .390^^^ .360«* .102 -.273 -.110 
•^•''''Signifleant at the one per cent level. 
^^Significant at the five per cent level. 
Table 10. Multiple correlation coefficients and the standard 
errors of estimate for the regression analysis of 
three inch fallow temperature ^3 using Ty, Ti, 3, 
C, ¥, and as independent variables 
Season R 
Standard error 
of estimate 
Winter 
Spring 
Summer 
Fall 
.856 
.920 
.953 
.97S 
.7319 
.8459 
.9079 
.9508 
4.15 
4.44 
2.34 
3.18 
fable 11- partial regression coefficients and tlielr standard errors for the 
regression analysis of the three inch soil temperature under fallow 
Variable 
Season Statistic Tu Tl S C ¥ Ms 
winter Regression 
coefficient 
Stanaard 
.104«*« .363*^^ .014^« -.112 .052 -.0066 
error .033 .045 .0053 .161 .188 .0034 
Spring Regression 
coefficient 
Standard 
.445##» .018^^^® .298 -.172 .0077 
error .044 .064 .0034 .181 •188 .011 
Summer Regression 
coefficient 
Standard 
.lgO#^5.# 
.333-^^^ . 224^^<^ - .497-"-^'^<^ .011^"5^» 
error .029 • 042 -0020 .091 .110 .00094 
Fall Hegression 
coeifIcient .497^*-^ .028'^^* .169 -.166 .0060®-»^^ 
Stanaard 
error .037 .049 .0039 .148 .163 .0021 
•^^•^^^Slgnii leant at the one per cent level. 
^^Slgnlfleant at the five per cent level. 
^''Significant at the ten per cent level. 
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sion analysis was obtained. The new analyses resulted in the 
multiple correlation coelficlents listed in Table 12. These 
caeri'iclents are nearly as lerge as those shown in Table 10 
with the greatest reduction occurring for the winter season 
when two per cent less variability was explained by the inde­
pendent variables. 
Table 12. Multiple correlation coefficients for the three 
inch soil temperature ^3 under fallow with 
selected Independent variables 
Season Independent variables R 
Winter T^, Tx> S .844 .7117 
Spring Ty, 1\, S .907 .8224 
Summer T^, Ti, 3, C, W, M3 .953 .9079 
Fall Ty, Ti, S, .976 .9525 
In equations (18) through (21) are found rel.';t ion ships 
for eatiiBation. of the three inch temperetures under fallovj 
soil. 
Winter: ^3 = IS.38 > .112T^ + .-SeiTx •+• .0163 (18) 
Spring: ^3 = 16.13 + .214Tu + •438Tx .018S (19) 
Summer: ^3 » 27.4? + .120Tu +• .355Ti + .022S 
+ .2240 - .497W + .OIIM3 (20) 
Fall: ^3 = 5.92 + .226Tu -»• .4S3Ti ^ *0253 
+ .005613 (21) 
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b. Analysla which employed the air temperature occurring 
at the time of the soil temperature observation. A model has 
been presented which suggests that the temperature T2 of the 
air at the tiia© of the soil temper&ture observation may be 
employed instead of and Tx, for the prediction of the 
three inch temperature under fallow soil. In Table 13 are 
presented the simple correlation coefficients which relate 
Table 13. Simple correlation coefficients for relating T2 
with and 
Variable 
Season 
^3 M3 
Winter .776»^ -.189 
Spring .9134^# .144 
Summer .861*^ .4974^# 
Fall .966*^^ .399## 
the three inch soil temperature under fallow to T2 and M3, 
and the other correlation coefficients needed for this anal­
ysis are listed in Tables 1 and 9. Using these correlation 
coefficients a multiple regression analysis was made, and 
the resulting multiple correlation coefficients are shown 
in Table 14. 
This aiialysis provided the partial regression coeffi-
4? 
Table 14. Multiple oorrelstion coefficients and standard 
errors of estimate for the regression anslysis 
of the three inch fallow temperature using T2, 
S, G, M, and M3 as independent variables 
Season R R2 
Standard error 
of estimate 
Winter . 836 .6985 4.36 
Spring .928 .8602 4.20 
Suiomer .951 .9049 2.36 
Fall .971 .9421 3.41 
cients listed in Table 15 for each season. In sorae respects 
these partial regression coefficients are different from 
those obtained earlier. For the first time the coefficients 
for M3 during the winter and spring season tested significant 
at the ten per cent level. This is the only analysis with a 
non-significant partial regression coefficient for C during . 
the summer season. 
As before the variables which produced insignificant 
partial regression coefficients were removed and a new 
regression malysis was computed. The multiple correlation 
coefficients from this new analysis are shown in Table 16. 
Equations (22) through (25) give the resulting prediction 
equations. 
Winter: = E2.31 .437T2 + -0113 + •456W - .OO7OM3 (22) 
Table 15. Partial regression coefficients and their standard errors for 
predicting trie tiiree inch soil teinperature under fallow 
Variable 
Season Statistic 
^2 S C 
tr-f «3 
Winter Regression 
coefficient .435'S!.## .011^ -.028 .461«-'- -.0071» 
Standard 
error .046 .0056 • 170 .179 .0036 
Spring Regression 
coefficient .0077«'» .321* .097 .ooeo-^ 
Stanaard 
error .045 .0033 .171 • 170 .0032 
Summer Regression 
coefficient .100 .0093«^«* 
Stanaard 
error .044 .0022 .091 .106 .0010 
J'all Hegression 
coefficient .588««» .016*^* .220 ~ .073 .00 54^^ 
Standard 
error .043 .0045 .156 .162 .0023 
# •  ••-^Significant at 
•'••^^'Significaiit at 
-'^Significant at 
the 
the 
the 
one per 
five per 
ten per 
cent level-
cent level, 
cent level. 
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fable 16. Multiple correlation coefficients of the three 
inch soil temperature under fallow with the 
indicated independent variables 
Season Independent variables R 
Winter fg, S, W, M3 .836 .6990 
Spring T2. S, ¥, M3 .927 .8597 
SuHiflier ^2* S, -W, M3 .951 .9037 
Fall T2, S, M,J .970 .9409 
^3 « 6.73 .718T2 -i- .0075S -t- .342C + .OO6IM3 (23) 
^3 » 28.89 + .5IIT2 -Oils - .3S1W + .0093M3 (24) 
^3 « 10.14 ^  .695^2 -0143 + .OO46M3 (25) 
B. Prediction of Six Inch Soil Temperature 
1. prediction analysis under grass cover 
Th© model for this prediction analysis indicetes that 
the six inch grass temperature is predictable from T3, the air 
temperature three hours prior to the soil temperature observa­
tion; Mg, the six inch soil moisture under grass; and ^3 the 
three inch soil temperature under the grass cover. 
The regression analysis was completed by using the 
simple correlation coefficients listed in Table 17. During 
Spring; 
Summer: 
Pall: 
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labl© 17. SiBiple correlation coefficients used in relating 
the six inch soil temperature under grass with 
%* ^3 
Variable 
Season Variable T3' ^6 3 
Winter . E91« .967«# 
% .130 .766»# 
Mg .171 
Spring 
^6 .746«# .011 .979-»« 
' % 
.247 .8-32<^<^ 
Me .042 
Summer .827^^* .522^* .969^H,<. 
^3 .540^^ .871*^ 
Mg 
Fall . 889*^'^ .289'» .992*^"'' 
.280^ .927»# 
Me .317^^ 
•^•^^Slgnifleant at the one per cent level. 
*31gnlfleant at the five per cent level. 
winter and fall ana sunimer all three independent variables 
were signiricantly correlated with the six inch soil tempera­
ture under grass, while in spring the correlation coefficient 
for % failed to reach the accepted significance level. There 
was also a maritecl interrelationship between the independent 
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variables, with all variables during spring and fall being 
significantly correlated. 
Tile multiple correlation coefficients obtained from this 
analysis are shown in Table 18. These correlation coefficients 
ax-e higher than thos® obtained in the prediction analyses for 
Table 18. Multiple correlation soefficients and standard 
errors of estimate for relating the six inch 
soil temperature under grass to T3, Mg, 
and B 3 
Season R 
Standard error 
of estimate 
Winter .982 .9640 .97 
Spring .988 .9754 1.49 
Summer .971 .9434 1.16 
Fall .996 .9913 .97 
the three inch teniperature under grass. The resulting par­
tial regression coefficients are listed in Table 19. The 
partial regression coefficients for T3 are negative, which 
indicates that when and M3 are constant there is an 
Inverse relationship between the soil temperature ot six 
inches and the air temperature three hours earlier. This 
result was unexpected and must have occurred because the air 
temperature has already exerted an effect upon the three inch 
Table 19. Partial regression coefficients and their 
standard errors for the regression of the six 
inch soil temperature under grass using 
1'3» %» ^3 as Independent variables 
Variable 
Season Statistic T3 Me ^3 
Winter Regression 
coeffloient .000026*'»* .854^'»* 
Standard 
error .015 .0000051 .031 
Spring Regression 
coefficient -.159*«® .00025 
Standard 
error .027 .00030 .037 
Summer Regression 
coefficient - .033 - .00000077^^»'» .880«'»»' 
Standard 
error .030 .000000030 .045 
Fall Regression 
coefficient - .141*««- -.0000012^^* 1.056*«* 
Standard 
error .021 .00000049 .029 
«-»«Signifleant at the one per cent level. 
••'^^Signifleant at the five per cent level. 
soil temperature. Two of the partial regression coefficients 
of Table 19 gjre insignificant aiid the corresponding variables 
were removed from the regression aiialysis. The multiple 
correlation coefficients shown in Table 20 were obtained 
from this analysis. Equations (26) through (29) give the 
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Table 20. Multiple correlation ooefflolents for the 
prediction of the six Inoh soil temperature 
&R under grass using the Indicated 
independent variables 
p 
Season Independent variables R R 
Winter T3, Mg, ^3 .982 .9640 
Spring 
''•3» ^3 .984 .9588 
Summer 
^3 .991 .9824 
Psai 
^3 .996 .9913 
final relationships for the predlotlon of the six inch soil 
temperature under grass. 
Winter: ^ .854 ^3 + .OOOOESMg - . O 6 6 T 3  +- 7.79 (25) 
Spring; » 1.088 ^3 - .OI5T3 - 7.32 (27,) 
Summer: * .840 ^ 3 - .000000079M3 + Q-'J'S (28) 
Fall; « 1.055 ^ 3 - -OOOOOiaie - .I82T3 + 4.59 (29) 
2. Prediction analysis under fallow cover 
The prediction model for the six inch soil ten-iperature 
under fallow is similar to that for the temperature under 
grass. In this analysis, the fallow three inch soil tem­
perature ^3 and the fallow six inch soil moisture Mg are 
used for independent variables instead of the corresponding 
values for the grass cover. 
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Tiie correlation coefficients for the ane^lysls are shown 
In Table 21. Except for the soil moisture resistance during 
fall, all ind@penden.t verlables were slgnlficsi.ntly correlated 
with the six inch fallow soil temperature. The analysis 
produced the? multiple correlation coefficients listed In 
Table 21. Slaple correlation coefficients used in relating 
the six Inch soil temperature under fallow 
with Tj, ai 
Variable 
Season Variable Me ^3 
llnter 
^6 .826«* - . 595--^'3" .946^^* 
_.404*'«^ , 777'!n^ 
- . 582;^"^^ 
Spring .812^^^ -. 440*'^* .952^^^ 
% -.157 .896««' 
M3 -. 262^^ 
Summer ^6 .84r^'^ .964«« 
^3 .491^Hf .880^^^ 
^6 .650^<-^ 
Fall 
^6 .904*»'» -.017 .986^^^ 
T3 .101 .946'»^ 
Me .062 
®»Signifleant at the one per cent level. 
^'•Slgnlfleant at the five per cent level. 
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Table 22, Ihese coefflcientG were slightly smaller than the 
corresponding coefficients for the grass cover-
The partial regression coefficients obtained in this 
analysis are presented in Table 23, along with their corres-
Table 22- Multiple correlation coefficients and standard 
errors of estimate for relating the six inch 
soil temperature 55 under fallow to T3, M5, 
ajid ^3 
Season R R2 
Standard error 
of estimate 
Winter .962 .925-3 1.57 
Spring .976 .9527 2.06 
Summer .968 .9365 1.57 
Fall .393 .9858 1.38 
ponding standard erros. As in the case of the six inch soil 
temperature under grass the partial regPe?sion coefficients 
for T3 are negative. The only statistically non-significant 
partial regression coefficients were those for Mg during 
winter and T3 during sumffler. Using the remaining variables 
a new analysis was conducted for each season and. the final 
multiple correlation coefficients are presented in Table 24. 
The appropriate prediction relationships are found in equa­
tions (30) through (33). 
56 
Table 23. partial regression coefi'icients and their standard. 
errors for the regression of the six Inch soil 
t©iaperature Oi under fallow using T^, Mg, and 
as independent variables 
Season Statistic To Me 6' ^3 
linter B,@gre salon 
coefficient -.114^^^^ -.0019 .836*"»''^ 
Standard 
error .025 .0018 .049 
Spring Regression 
ooefficient - .094«^^ -.013^«^ 
Standard 
error .045 .0019 .057 
SuBimer Regression, 
coefficient -.020 .0032*** 
Standard 
error .044 .0011 .057 
Fall Regressio.n 
coefficient -..182^«^ 1.025^'-^^^ 
Standard 
error .0.54 .0012 .040 
»<wsignifleant at the one per cent level. 
•»<^Slgnlficant at the five per cent level. 
Winter: §s = .860 - .116f3 + 9-89 (30) 
Spring: » .876 - .OISM^ - .094T3 + 19.40 (-31) 
Summer: » .726 ©3 - .OO.35M3 + 15.19 (32) 
Fall; 'Qq* 1.025 - .0053Mg - .I82T3 + 13.42 (33) 
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Table 24. Multiple correlation coefficients for predicting 
the six inch soil teisperature under fallow using 
the indicated independent Vciriables 
Season Independent variables R 
Winter T3, ^3 .961 .9243 
Spring 
^3' 5.3 .976 .9527 
Summer .968 .9364 
Fall T3. .993 .9859 
Q. Prediction of the T*welve Inch Soil Temperature 
1. Prediction analysis under grass cover 
According to the suggested hypothesis the twelve Inch, 
soil temperature grass may be predicted bjr, the use 
of the air temperature T4 at 7:30 a.m. on the day of tne soil 
temperature observation, by the soil moisture at t^»elve 
inches under the grass cover, and by the six inch soil tem­
perature ^6 under grass. 
The correlation coefficients which show the interdependence 
of all variables are shown in Table 25. When these variables 
were combined into the regression analysis, the multiple cor­
relation cofiffficlents found in Table 26 were obtained. These 
laultiple correlation coefficients sre slightly smsller than 
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Table E5. Simple oorrelation coefficients used In relating 
the tv^elve inch soil temperature ^12 under 
g r a s s  i ^ i t h  ' 1 4 ,  M x 2 »  0 q  
Variable 
Season Vajfiable T4 %2 ^0 
Winter 
^12 .467»# .107 .902^^* 
% -.114 .682^^ 
%2 -.103 
Sprin ^ i  
^12 .818^H^ . 9 7 3 # #  
T4 -.595*5^-"- .872'^^-"-
• %2 .752#-> 
Summer 
^12 .gge^si- .413 .918#« 
% .405^^ . 802^*'^ 
.45B4H^ 
Fall 
^12 .890«« -.038 .983*^'-
% .006 .915^'"^^ 
%2 -.032 
leant at the one per cent level. 
^Significant at the five per cent level. 
tile corresponding coefficients for the six inch arialysls, but 
they are larger than those found in the three inch ajialysis 
under a grass cover. 
In Table 27 are listed the partial regression coefficients 
obtained from the regression analysis. For the summer and fall 
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Table 26- Multiple correlation coefficients arid the standard 
errors of estimate for relating the twelve inch 
soil teraperature ^±2 under grass to T4, 
jand & 5 
^ Standard error 
Season R of estimate 
linter .958 .8806 1.29 
Spring .978 .9562 1.52 
Summer .920 .6468 1.46 
Fall .986 .9722 1.44 
Table 2?. Partial regression coefficients with 
standard errors for the regression of 
inch soil temperature ^X2 under graS 
'%! %2» ^6 
their 
twelve 
s using 
Variable 
Spring Statistic ^4 %2 &Q 
Winter Regression 
coefficient .0000048'»^ .805^** 
Standard 
error .019 .00000077 .046 
Spring Regression 
coefficient -.062-»^ - .ooK'if'^s-
Staridard 
error .035 .oooeo .064 
SuiiiBier Regression 
coefficient -.065 -.000000093 . 7 71 
Standard 
error .042 .00000090 .056 
Fall Fiegression 
coefficient —. 04 3 -.00000039 .871^^-"-^ 
Standard 
error .033 .0000019 .045 
®'="''3ignificant at the one per cent level. 
•^^^Signifleant at the five per cent level-
*Slgnifleant at the ten per cent level. 
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seasons, only the regression coefficients for ^5 test sig­
nificantly different from zero. "When the remaining variables 
were removefi, the square of simple correlation coefficients 
for ^Q, as shown in Table 28, becomes the estimate of the 
variation explained by the regression analysis. A comparison 
Table 28. Multiple correlation coefficients for predicting 
the twelve inch teoiperature under grass using 
the indicated independent variables 
Season Independent variables R 
Winter ^4t» %2» ^6 .938 .8806 
Spring BQ .978 .9562 
Summer 
^6 .918 .8423 
Fall 
^6 .986 .9716 
of these values with those of Table 26 revtals that the 
amount of variation explained by regression was reduced by 
0.4 per cent in summer and less than 0.01 per cent in fall 
with the removal of these variables. During winter and spring 
the partial regression equations for all of the independent 
variables tested significant. Equations (34) through (37) 
give the final regression equations for each season. 
Winter; ®12 » -803 Bq  + .0000048Mi2 - .079T4 10.36 (34) 
Spring: 0x2 * '^02 fig - .0014Mi2 - -06214 + 7.20 (35) 
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Summer: » .701 + 19.37 (36) 
Fall; ^12 = -819 •¥ 10-22 (37) 
2. Prediction analysis under fallow cover 
Tiie model for the prediction analysis of the twelve inch 
fallow tea^erature is similar to that for the twelve inch grass 
temperature. The difference being that for the fallow twelve 
inch teiaperature the fallow moisture resistance M^2 and six 
inch temperature 0q were employed. The correlation coeffi­
cients for the variables used in this analysis are listed in 
Table 29, with the same type of interactions between vari­
ables noted as in the preceding analysis. The multiple cor­
relation coefficients obtained are shown in Table 30. These 
correlation coefficients are of about the same magnitude as 
those obtained in the analyses for grass cover. 
The pax'tlal regression coefficients obtained are listed 
in Table 31. In the winter season all of the partial regres­
sion coefficients were significantly different from zero, 
while for the spring and summer seasons the coefficients 
for T4 were not significant. In fall as in the case of the 
grass cover, only the six inch soil temperature provided a 
partial regression coefficient significantly different from 
aero • 
The regression analysis, which was baaed on the variables 
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fable 29. Simple correlation coefficients used in relating 
tiie twelve inch soil temDerature ©xg under 
fallow with T4, ^6 
Season fariable T 4  %2 ^6 
Winter 
^12 .473»» -.205 .903»« 
-.196 .643^* 
1^2 ..373«# 
Spring 
^i2 .834-»^ - .777'S!'^ .948«-» 
-.546«^ .898<^« 
M IE -.646*« 
Suamer ^ i z  . 703«'^ .7G0^«- .949«* 
f 4  .185 . 774^^^ 
M I 2  .628^^* 
Fall ^i2 .905^* - .454''"'^ .981^^^ 
T 4  .317^^ 
M i 2  .441^^ 
•*^*Signifleant at the one per cent level. 
•Significant at the five per cent level. 
Table 30. Multiple correlation coefficients and standard 
errors of estimate for relating the twelve Inch 
soil temperature with T4, 
Season R 
Standard error 
of estimate 
Winter 
Spring 
Summer 
Pall 
.926 
.972 
.959 
.982 
.8579 
.9442 
.9202 
.9647 
1.49 
1.97 
1.72 
1.79 
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Table 31. Partial regression coefriclents and their 
standard errors obtained vvhen the twelve inch 
fallow soil temperature was related to T4, 
"is. ana 
Season Statistic T 4  
Variable 
Ml 2 
Winter Regression 
coefficient .0060'»^^ .752»«* 
Standard 
error .021 .0020 .048 
Spring Regression 
coefficient .021 , 7oo«'«^ 
Standard 
error .042 . 0019 .069 
Suffimer Regression 
coefficient .062 .0041«^<«"«' .592«-** 
Standard 
error .047 .00097 .060 
F a l l  Regression 
coefficient .045 -.0014 .849-»** 
Stanaard 
error .049 . 0022 .062 
***Slgnifleant at the one per cent level 
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with significant partial regression coefficients, yielded the 
multiple correlation coefficients listed in Table 32. From 
this analysis the regression relationships found in equations 
through (41) were obtained. 
Winter: 
Spring: 
Summer: 
Fall: 
aig * .752 % .0060M3_2 ~ '06214 +5.24 
^12 =» .672 ^ 6 - •01.3Mi2 + 25.24 
0*Q + .003Mi2 + 19.32 
^^2 » .805 ^ 6 -t- 7.56 
(38) 
(39) 
(40) 
(41) 
fable 32. Multiple correlation coefficiente relating 
the twelve inch soil temperature ^i,2 under 
fallow soil with the indicated independent 
variables 
Season Independent variable R r2 
Winter 
Spring 
Summer 
Fall 
T4» Mi2, ^6 
%2» ^6 
.926 
.972 
.958 
.981 
.8579 
.9448 
.9186 
.9633 
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D. Prediction of the Twenty-four Inch 
Soil Temperature 
1. Prediction analysis under gcrass cover 
The model for this prediction analysis suggests that 
the tv^enty-four inch temperature under a grass cover may 
be predicted from the air temperature T5 st 9:30 a-m. the 
previous day, the twenty-four inch soil moisture Mg4 under 
grass, and the twelve inch soil temperature ©12 under 
gras s. 
The computed correlation coefficients, which measure 
the relationship between variables, sre shown in Table 33. 
Using these simple correlation coefficients, the Dsultiple 
regression coefficients listed in Table 34 were obtained. 
The multiple coefficients are approximately the same size 
as ti'iose found for the twelve inch temperature, with the 
coefficients for winter and sumnier being less than those 
for fall atid spring. 
The partial regression coefficients found in this 
analysis ere listed in Table "55. Except for the partial 
regression coefficient for soil laolsture resistance in 
fall, all coefficients tested significantly different from 
aero • 
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Table 33. Simple correlation coefficients relating the 
twenty-four inch soil temperature ^£4 under 
grass to T5, M24, and ^xg 
Season Variable T5 %4 ®12 
Winter ®24 .264«' .310* .808** 
T5 -.332** .691** 
^24 -.016 
Spring ®24 .774#^ -.809** .969** 
-.540** .870** 
^£4 -.748** 
Summer ®24 .490^^* • 404 .870** 
^5 .016 .713** 
%4 .188 
Fall ®24 .843^«-^ -.309* .978** 
-.237 .914^^* 
^24 -.303* 
^'•^"^Significant at the one per cent level. 
*Significant at the five per cent level. 
fable 34. Multiple regression coefficients obtained in 
relating tlie twenty-four inch soil temperature 
^24 u^Ser grass to T5, M24, and ^12 
^ Standard error 
Season R of estimate 
Winter .919 
Spring .98-3 
Summer .915 
Fall .987 
.8445 1.27 
.9660 1.30 
.8375 1.56 
.9740 1.05 
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Table 35. Partial regression coefficients and their standard 
errors of estimate obtained for relating the 
twenty-four inch soil temperature ^ 24 under 
grass to T5, Mg4, and ^12 
Variable 
Season Statistic T5 ^12 
Winter Regression 
coefficient .000014'i»f»'» .974»<Hf 
Standard 
error .018 .0000046 .066 
Spring Regression 
coefficient -.101*®^ 000044^ .860*^^^ 
Standard 
error .024 .000013 .054 
Summer Regression 
coefficient -.113«« .000038-«''®^'^ 1.016^^»^ 
Standard 
error .033 .0000076 .067 
Fall Regression 
coefficient -.000000041 .953'»^''* 
Standard 
error .023 .0000095 .040 
***Slgnlfleant at the one per cent level. 
The soil iaolsture resistance was removed as a variable from 
the fail ar^alysis. The resulting multiple correlation 
coefficient is shown in Table 36. The prediction equations 
for the ti-^enty-four inch temperature under grass are shown 
in equations (42) through (45). 
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Table 36. Multiple correlation coefficients obtained in 
relating the twenty-four inch soil temperature 
^ 24 tJJf^kder grass with the Indicated independent 
variables 
Season Independent variables R R2 
Winter 
^5» ^24^ ^12 .919 • 8445 
Spring ^5* M24» ®12 .983 .9660 
Sufflmer M24, ®12 .915 .8375 
Fall T'5. ®12 .986 .9720 
Winter: « .974 <^12 .G00014M24 - .IO2T5 + 6.69 (42) 
Spring: ®24 » .860 02.2 +• .000044M24 -  . I O I T 5  1- 13.04 (43) 
Summer: 
^24 a 1.016 ^ 12 i- .000038M24 - .il3T5 -J- 3 • 52 (44) 
Fall; 
^24 w .974 ^ 12 - .I62T5 + 13 .14 (45) 
2. Prediction analysis under fallow cover 
The model suggested for this analysis utilizea Tg, M24, 
and as independent variables. The simple correlation 
coefficients for this analysis are presented in Table 37, 
while the multiple correlation coefficients obtained in the 
analysis are given in Table 38. These multiple correlation 
coefficients are about the same size as those obtained in the 
grass analysis shown in Table 34, except that in this esse the 
coefficient for* the summer season is greater. 
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fable 37. Simple correlation coefficients for relating 
twenty-four inch soil temperature ^^4 under 
fallow to Tg, M24, and ^^2 
Variable 
Season Varieble 
^5 ^12 
Winter 44 .335«"» .065 .828-«'* 
% -.444«<^ . 672^^^ 
M24 -.251* 
Spring ^ m .784*« -.846'»^^^ .959** 
T5 -. 575^'«^ .882** 
-.748** 
SuHimer .527*!H^ . 7 7 4 #  .920** 
.185 .743** 
^24 .582** 
Fall .868** -.194 .974** 
% -.219 .933** 
-.200 
^•'^Significant at the one per cent level-
^Signlfleant at the five per cent level. 
fable 38. Multiple correlation coefficients and the errors 
of estimate obtained for relating the twenty-four 
inch tpjperature ^£4 fallov/ with T5, M24, 
and 612 
Standard error 
Season R B of estimate 
Winter -900 .8095 1.44 
Spring .983 .9655 1.30 
Suamer .971 .9421 .98 
Fall .982 .9649 1.36 
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The partial regression coefficients for this analysis 
are listed in Table 39. As was the case of the twenty-four 
inch grass temperature, only the coefficient for the fall 
iBolsture resistance failed, to test statistically significant-
This variable was reaioired from the analysis, and the multiple 
'fable 39. Partial regression coefficients and their standard 
errors obtained in relating the twenty-four inch 
temperature & g4 under fallow to T5, M24, and ^{2 
Variable 
Season Statistic T5 ^^24 0 Ic 
Winter Regression 
coefficient 
Standard 
- .069*'^» .0077*^-»' .900#4»» 
error • OiiO .0025 .066 
Spring Regression 
coefficient 
Standard 
. 778'^ 
error .025 .0021 .056 
Summer Regression 
coefficient 
Standard 
. 738^^*':'-
error .024 .0015 • 044 
Fall ftegresslon 
coefficient 
S tand ard 
_.152«ifr4^ 
-.0010 .96o#.H^ 
error . 033 .0025 .051 
4HHi-signifleant at the one per cent level. 
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correlation ooerficient as ahovm in Table 40 was computed. 
These calculations provided the prediction relationships 
listed in ©qu£ stions (46) through (49). 
Winter: ^ 24 = .900 019 i- .0077M24 - .069 T5 - .06 (46) 
Spring; g II ®24 » .??8e^£ - •014M24 - -OSlTg 24.83 (47) 
Summer; 3 k ® .733 ^ Ig + .012M24 - .104T5 17.09 (48) 
Fall; ^ 24 — • 989 ® 2,2 - .176T5 13.01 (49) 
Tabl© 40. Multiple correlation coefficients re|.ating the 
twenty-four inch soil temperature ®24 
fallow with the indicated independent variables 
p 
Season Independent variables R R 
Winter 44. ® 12 .900 .8095 
Spring 'I'5» M^4, 12 . 983 .9656 
Sufluijer 
^5' ^ •24 > 6 12 .971 .9421 
Fall ® 12 .981 .9629 
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?. DISCUSSION 
A. Variation In the partial Regression Coefficients 
of the prediction Equations 
1. The analysis for the three 
inch soil temperature 
analysis which employed and T^- The regro?!-
slon equations which utilized and as independent vari­
ables are shown in equations (10) through (13) for the grese 
cover and in equations (18) through (21) for the fallow cover. 
These equations i-^ere obtained by a multiple regression analysis 
which was based on the correlation coefficients of Tables 1 
mid. S. 
In every season and for each type of cover the partial 
regression coefficients associated ^•tfith Ty and Ti tested sig­
nificantly different from zero. Since these coefficients 
were all positive, increases in % and 'Pi resulted in rises 
of the three inch soil temperature. The coefficients for T^ 
varied from 0.08 In the winter to 0.20 in the fall. Each 
degree Increase in the upstream air teaiperBture resulted in 
a 0.1° to 0.2° F". increase in the three inch soil teii-perature. 
The partial regression coefficients for Ti were 3.5 to four 
times greater than those for Vf?.rying from 0.32 to 0.46. 
A degree change in the previous a.ir temperatures produced 
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0.3® to 0.5® F. change In the three inch soil teraperature. 
The partial regression coefficients for S were all 
Btatistically sigriiflcant and positive. The coefficient for 
the grass analysis in winter vas smallest, when a 100 calorie 
change in solar energy yielded a 1.2° F. change in the three 
inch soil temperature; and it was largest for the fall grass 
cover, when a 100 calorie change in energy resulted in a 2.9° 
F. temperature change. 
In all except the winter season the partial regression 
coefficients for G were positive- Might cloudiness prevented 
the nocturnal terrestrial radiation from escaping through the 
atmosphere. Ihls condition increased the amount of energy 
available for warming the soil. In winter the partial regres­
sion coefficients associated with C for the grass and fellow 
covers failed to reach significance. The freezing of the 
soil surface during the hours of darkness altered the heat-
content-temperature relationship and produced a ssell nega,-
tlve partial regression coefficient for C. The partial 
regression eoefficlents associated with C during spring and 
fall under fallot«j soil failed to reach signlficsnce. This 
insignificance is difficult to explain, since these coeffi­
cients were plgnifleant when analysis was conducted for the 
grass cover. The smallest significant partial regression 
coefficient for C was 0.224 in the case of the suiamer fallow 
analysis, indicating that coaipletely overcast night sky 
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resulted In a 2.2° F. higher three inch soil temperature 
under fallow conditions on the follou'liig afternoon. The 
largest partial regression coefficient associated vj'lth the C 
variable was 0.404 for the spring season under grass cover-
A complete olouci cover Increased the soil tempereture the 
following afternoon by 4.0° F. above the temperature for a 
clear night.. 
The partial regression coefficients for obtained in 
the aiialysls were negative for all seasons except winter. 
High wind velocities provided a means for mixing the air 
in the lower atmosphere and for the transport of heat from 
th© surface. .This effect was most pronounced during summer 
when more heat was available at the surface, and the highest 
partial regression coefficients were found for this season, 
fhe average wind vtslocity produced partial regression coeffi­
cients which tested significantly different from zero during 
the summer season for both covers and during the spring season 
for the grass cover. During the cooler portion of the year 
wine was not sufficiently important to produce significant 
partial regression coefficients. An average dally wind of 
ten miles per hour in suriomer reduced the 5:00 p.ni. soil tem­
perature at the three inch depth 4.0° F. under grass and 5.0° 
F. under fallow from the temperature which would have rss-alted 
froH a near calsi condition. 
The partial regression coefficients for 'Ma and M.3 were 
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not all of the same sign, but the significant coefficients 
were all positive. Drier soil, as indicated by higher soil 
moisture resistances, resulted in higher Boil temperatures, 
due to the higher specific heat of the soil system caused 
by the addition of water. During winter and spring the par­
tial regression coefficients associated with M3 and M.3 v.'ere 
not significantly different from zero, because of the lo^; 
day to day variability in the soil moisture during these 
seasons. In susnmer and fall, when the day to day variability 
in soil moisture was greater, the partial regression coeffi­
cients were significant. The average soil moisture resistance 
under grass during the summer and spring seasons aver-Rged 
400 and 100 times grester than the soil moisture resistances 
under fallow conditions. This difference resulted in par­
tial regression coefficients 4000 times greater under fallovf 
cover than under grass. 
'I'he analysis Khich employed Tg. The prediction 
equations obtained from this analysis are ahoi-n in equstions 
(14/ i;hrough (17) for the grass cover, while equations (22) 
through (25) give the relationships for the fallow cover-
These regression equations are like those discussed earlier, 
except that in this analysis Tg has replaced Ty and Ti. 
Ihe regression coefficients associated with Tg are much 
larger than those resulting froffl either and Ti. These 
coefficients are positive ana all are statistically sig-
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nifloant. The highest values for these partial regression 
coefficients were found for the spring and fall aeasons under 
fallow soil. Dviring these eeesons a degree change in !'£ 
associated with a 0.7° F. chpnge in the fEllox>: three inch 
soil temperature. The lowest partial regression coefficient 
was found in winter under a grsss cover when one degree 
oheiige in T2 resulted in a 0.4® P. change in the grass three 
inch soil temperature. 
The. partial regression coefficients for S viere slightly 
smsiller than those of the previous analysis. They were all 
positive, and all tested significantly different from aero. 
The temperature change resulting from a 100 calorie change 
in the dally solar energy about 2® F. during the fall, 
and nearly 1® P. for the remainder of the year. 
fhe variable C did not greatly differ in its contribu­
tion to the three inch soil tempersture from th? t of the 
preceding analysis. The chief difference was thrt the par­
tial regression coefficient for the fallow three inch tem­
perature during suramer did not reach significance as it had 
before. An overcast night sky during spring rsleed the fol­
lowing afternoon's soil tempersture at three inches under a 
grass cover by 4° P- during the spring seasons. The smallest 
significant coefficient was reported during sumsser under n 
grass cover where an overcast night sky incressed the three 
inch soil tempersture by 2.5° F. on the following efternoon. 
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Considerable differences were noted In partial regres­
sion coefficients assoolfted with the sverage wind -^elooity 
when this analysis was compared with, the precerllng one. The 
partial regression coefficient found for the graes temperature 
during xs/lnter was significant and positive- During spring, 
strong wind speeds result in heet transfer to the ee/rth sur~ 
faoe froin the atmosphere, since higher soil temperatures ere 
associated with higher wind speeds. Another significant 
partial regression coefficient associated with ¥ w'as obtained 
for the grass cover during euaimer. fhis value was negative, 
indlce.tlng the loss of heat from the surface as a result of 
the higher wind, speeds. 
There is very little difference in the size of the par­
tial regression coefficients for M3 and M3. For the firnt 
time the coefficients for M3 during winter and spring are 
signlfiosnt. The partial reg;ression coefficient for the 
winter season is even negative Indicating that the eoil 
tetaperature increased with decreeslng soil aoipture resist­
ances, or Increasing soil moisture. This relationship was 
due to the increase in tiaermal conductivity assocleted v;ith 
the increased moisture content and to the greater conductivity 
of frozen soil. 
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2. The analysis for- the deeper soil depths 
a• fhe DredietloK equations for the six Inch depth. 
Equations (26) tlni^ough (29) are the prediction equations for 
the temperatu/'e of the soil under a grass cover st the six 
ii'ich depth, while equatione (30) through (33) provide the 
relationships for the fallow cover. 
The three inch soil temperature provides Iprger partial 
regression coefficients than either of the other independent 
variables. The iflagnltudes of the partial regression coeffi-
cieiits varied v,dth the season and cover. In susFaer, under a 
fallow soil, a one degree change in temperature at the three 
inch deptli resulted in a 0.15® F. tensperature change at six 
inches, while during spring under grass a soil temperature 
change of on© degree at the three Inoh depth resulted in a 
1.1° F. change at six Inches. All partial regression coeffl' 
dents associated v^-lth the three inch soil temperature were 
statistically significant and positive. 
I'he partial regression coefficients associsted V7ith the 
antecedent temperature were small but negative. Thle 
leads to tiie apparent paradox that cold air temperatures are 
associeted with warm soil temperatures. Exaffiinatlon of 
Tables 17 aid 21 shows that the simple correlation ooeffl-
cieiits expressing the relationship between the three inch 
soil tei'aperatu.re and T3 are positive, and th^t 1'3 and the 
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six inch soil temperature are directly related. The nega-
tl¥e partial regression coefficients for T3 occurred because 
the effect of air temperature was greater at three Inches 
than at six Inches, and the effect was felt earlier at this 
shallower level. These negative coefficients correct for the 
greater effect exhibited by the air temperature on the three 
Inch teiBperature than on the six inch temperature. The par­
tial regression coefficients were larger during the fall than 
during the other seasons with the coefficients for summer 
falling to reach significance. Even in the fall a chant:e 
of one degree in T3 will only change the six inch soil tem­
perature about .2° F. 
The six inch soil moisture resistance, at constant 
antecedent air temperature and three inch soil temperature, 
exhibits an erratic effect upon the six inch soil tempera­
ture. All of partial regression coefficients, except two 
tested significantly different from zero, but some are posi­
tive while others are negative. It is Impossible to explain 
the variation in the signs of these regression coefficients, 
but It is probably due to the correlation between the soil 
moisture resistance and other variables, and to the compli­
cated relationship between soil raolBture and soil tempera­
ture . 
b- The prediction equations for the twelve inch depth. 
In equations (34) through (41) are shown the relationships 
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for the prediction of the twelve inch soil temperatures. In 
these equations the six inch soil temperature exhibits s 
dominant effect on the twelve inch temperstare. In three 
cases the six inch soil temperature is the only independent 
variable with a sig-nificant pertial regression coefficient. 
This does not mean that the other independent variables are 
not related to the twelve inch soil temperature- The failure 
of the other variables to provide significant partial regres­
s i o n  c o e f f i c i e n t s  w a s  d u e  t o  t h e  h i g h  c o r r e l a t i o n  b e t w e e n  ^  q  
and the other independent variables, and between snd the 
twelve inch soil temperature. During the fall season 96 per 
cent of the variation in the twelve inch fallow soil tempera­
ture was explained by the six inch temperature. This did not 
leave much variation to be explained by other independent 
variables. The partial regression coefficients associated 
with Oq indicate that each degree of change in the six inch 
soil tea^erature is associated with a .6° to .9° F. change 
in the twelve inch teaiperature. 
The partial regression coefficients for T4 are negative. 
The explanation for this contradiction to circumstance is the 
same as for fg. Sine© the simple correlation coefficients 
associated with T4 are positive, the negative partial regres­
sion coefficients resulted from the inter-relationships be­
tween the Independent variables. The partial regression 
coefficients nere statistically significant during the winter 
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season for both covers and during the spring season for the 
grass cover. 
Soil laoisture performed as a predictor in an erratic 
manner. All of the significant partial regression coeffi­
cients were positive, except during the spring when negative 
values were obtained. There were considerable variations in 
the slae of the partial regression coefficients, with the 
season and cover with highest average soil moisture resistance 
producing the smallest ooeffloleat. 
c. The prediotlon equations for the twenty-four inch 
depth. Equations (42) through (49) give the prediction rela­
tionships for the twenty-four inch soil temperature. These 
equations are quite similar to those for the six and tvjelve 
inch depths. The soil temperature st the shallower depth was 
the best predictor. The antecedent temperature, T5, yielded 
small and negative partial regression coefficients, and all 
tested statistically significant. The effect of M24 and M24 
was less erratic than in the previous analysis, but one of 
the significant partial regression coefficients was negative. 
B. Removal of fariables with Insignificant 
Partial Regression Coefficients 
1 • Criterion for ttie removal of a variable 
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The squere of the correletion coefficient defines the 
amount of the dependent variable's variation explained by 
the regression analysis. The size of the correlation coeffi­
cient will depend upon the number of independent variables 
eiaployed. Increasing the number of independent variables 
will result in an increase in the size of the correlation 
coefficient, while fewer independent variables will cause a 
decrease in the correlation coefficient. Independent vari­
ables which reduce the portion of explained variation an 
inconsequential amouiit are often removed from the analysis. 
This removal reduces the labor required for the evaluation 
of the prediction equation, tmd it assists in the emphasis 
of the importance of the remaining independent variables. 
In these analyses, it was the adopted practice to renrave 
all Independent varlsbles which failed to produce a partial 
regression coefficient statistically significant at the 90 
per cent level. This practice reduced the amount of explained 
variation, but it also reduced the number of independent vari­
ables. 
2. The amount of. decrease in the explained 
variation by the removal of variables 
The multiple correlation coefficients obtained before 
and after the InBigniflcant independent variables had been 
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removed were reported earlier. From Table 2 it is noted that 
69.94 per cent of the variation In ^3 was explained by the 
regression"analysis employing 'i'u, Ti, 3, G, W, and M3 as 
independent variables. Table 4 indicates that the amount of 
explained variation was reduced by only .51 per cent, when C, 
W, and M3 were removed from the analysis. 
In nearly 45 per cent of the cases, the removal of the 
insignificant Independent variables did not reduce the amount 
of explained variation by as much as 0.01 per cent. In 70 
per cent of the cases the reduction in the explained variation 
was less than 0.25 per cent. I'hese percentages include the 
cases when all of the independent variables produced signifi­
cant partial regression coefficients. A cornparison of Tables 
10 and 12 shows the largest reduction in the amount of explain­
ed variation by the removal of variables. The removal of C, 
V, and M3 as independent variables, reduced the amount of 
variation explained by regression by 2.02 per cent in winter 
and 2.35 per cent in spring. Even for these cases the amount 
of reduction in the explained variation is not sufficient to 
make the inclusion of the discarded variables advisable. 
C. The Between Season Variation in the 
Regression Equations 
1• The nature of the between season variation 
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fii© regression analyses were conducted on a seasonal 
basis to reduce the overall variability in the data. This 
stratification made it possible to obtain higher correlation 
coefficients, Since larger amounts of the variability could 
be explained. For every analysis there was one equot.lon for 
each of the four seasons- These equations were the les.st 
squares solution based on the Independent vsrlables, md.. they 
provided a unique solution which was the "best" fit. 
Slgniiicant differences between the seasonal equations 
are diii'lcult to explain. If the equation for one season 
differs from that of the next season, the soil temperature 
prediction for days occurring near the end of the first 
season -will ce different from the soil temperature prediction 
for day a at the beginning of the next season. This is un­
realistic, since under identical meteorological and soil 
conditions the temperature estifliates should be the same. 
E. An example of ooiEparisons of the prediction 
equations for different seasons 
Equations (10) through (13) have been selected as an 
example for the oompariaon of the seasonal prediction equa­
tions. These equations are for the three inch soil tempera­
ture under a, grass cover, and they employed Tu and Ti as 
predictors. They exhibited considerable season to season 
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variation. 
To test the possibility of extending the winter relation-
sMp into the spring season, the winter equation was applied 
to the coolest March days- Slmllsrlj?, the spring equation 
was applied to the warmest Februarj^ days. The results of 
this comparison in the application of the spring and winter 
equations s.re shown in Table 41. The winter equation under-
estlffiated the cool March soil temperatures, while the spring 
equation overestimated the same temperatures. The bias for 
tiie winter equation was leps than the 'bl«s for the spring 
relationship. On cool spring days the winter relationship 
provided tiie best estimate of the three soil temperatures 
under grass. The winter equation also provided a smaller bias 
than the equation for spring when estimating waroi February 
soil teioperatures-
The spring equation was applied to the coolest June 
days in order to test its application in the auffimer season, 
while the suimer equation was extended into the spring season 
by ita application to the warmest May days. The results of 
these comparison are shotvn in Table 42. The summer equation 
estiiaatee the cool spring soil teraperature with a greater 
bias than obtained with the spring equation. The spring rela­
tionship estimated the cool June soil teiEperatures with a 
bias of same magnitude, but of an opposite sign, to that 
obtained from the use of the summer equation. Since the 
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Table 41. Comparlsoa of the three Inch soil temperatures 
predicted by the winter end spring equations 
for cool March and. warm February days 
Equation for Equation for 
Date Winter Spring Actual Date Winter Spring Actual 
2/ 4/54 43 .4 44 . 8 44 .7 3/ 1/54 44.4 48.1 35 .4 
2/ 5/54 46 .5 48 .5 44 .8 3/ 4/54 3S.4 37.8 34 .7 
2/ 9/54 47 .3 5E .3 49 .1 3/ 5/54 40.2 42.2 35 .2 
2/10/54 47 .7 62 .0 47 .8 3/ 7/54 45.7 51.7 49 .6 
2/15/54 53 .5 61 .0 54 .7 3/ 8/54 49 .0 55.8 49 . 6 
2/16/54 4S .5 51 .2 49 • 6 3/11/54 46.9 49 .9 48 .4 
g/l7/o4 46 • 4 51 .5 49 .6 3/15/54 43.0 44.1 43 .9 
E/18/54 48 .2 52 .4 50 .4 3/16/54 45.4 49.9 48 .8 
2/2E/54 48 .5 54 .2 4& .5 3/17/54 47.0 54.0 49 .7 
2/24/54 45 .7 50 .7 48 .7 3/19/54 46.0 51.5 4B .0 
2/24/54 41 .2 45 .1 48 • 2 3/22/54 45.7 50.4 42 .9 
3/30/54 35.6 36.5 42 .6 
3/31/54 43.9 49 .7 49 .1 
Average 47 • 0 51 .8 48 .8 47.8 51.8 49 .0 
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fable 42- Comparlion of the three Inch soli temperatures 
predloted. by the spring and suraraer equations for 
•war® M,ay and cool June days 
Equation for Equation for 
Date Spring Summer Actual Date Spring Summer Actual 
5/13/54 68.4 75.1 68.7 6/ 1/54 66.4 71.8 67.7 
5/14/54 70.6 76.8 70.6 6/ 2/54 55.7 62.8 62.6 
5/17/54 68.7 75.4 70.7 6/ 3/54 56. E 62.4 60.5 
5/18/54 71.5 77.7 72.1 6/ 4/54 66.5 73 .2 69.9 
5/20/64 66.1 73.4 69.9 6/ 7/54 74.3 78.6 76.6 
5/21/54 69.8 75.8 70.0 6/ 8/54 81.0 84 .9 78.3 
5/24/54 75.0 80.4 74.9 6/ 9/54 72.7 76.0 70.8 
5/£5/54 71.1 75.6 68.9 6/10/54 76.4 80.4 79.6 
5/26/54 65.4 70.7 68.3 6/15/54 74.4 78 .5 79.6 
5/27/54 73.1 77.7 75.3 
5/28/54 66.3 71.2 69.4 
5/31/54 68.9 73.0 73.2 
Average 69.6' 75.2 71.0 69.3 74.2 71.8 
biases are of opposite sign, an improved estimrte of the 
soils temperatures for these cool June days could hsve been 
obtained by averaging the temper?:-tures predicted by the two 
equations• 
Comparisons between the fall and summer equations were 
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obtained by applying the fall equation to the coolest August 
days and the suramer equation to the i,v'arniest September days. 
These comparisons are ehown in Table 43. Ihe fall equation 
was a poor predictor ot the cool August soil temperatures. 
The soil temperetures on warm September days were estimated 
with Identical bias by the two equations. This indicates the 
Table 43. Comparison of the three inch soil temperatures 
predicted by the suoiraer and fall equations for 
cool August and warm September days 
FaQuatlon for Equation for 
Date SuHimer Fall Actual Date Summer B'all Actual 
8/10/53 81.0 78.1 80, .5 9/ 1/53 90.0 91.6 89.6 
8/11/53 77.0 71.4 80 .6 9/ 2/53 86.6 87.4 85.5 
8/1.8/53 83.2 77.0 80 . 6 9/ 9/53 77.2 78.3 76.0 
8/15/53 81.8 76.6 79 .0 9/10/53 80.1 80.7 78.5 
8/16/53 73.6 64 .2 74 .4 9/11/53 81.3 73.9 79.3 
8/17/53 75.0 68.2 76 .1 9/17/53 75.8 75.8 76.9 
8/18/53 80.6 76.7 77 .1 9/19/53 79.4 75.2 77.4 
e/19/53 78.9 74.2 78 .1 9/28/53 75.4 76.9 79.3 
8/20/53 80.1 75.4 78 .3 9/29/53 72.7 78.6 79.0 
8/21/53 79. E 73.5 77 .9 9/30/53 77.4 76.8 77.0 
8/22/53 81.8 77,7 80 .2 
Average 79.3 73.9 78 .4 80.1 80.1 79.8 
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close similarity between the prediction equations for the 
two seasons. 
The comparisons of the winter and, fall equations are 
shown in Table 44. The winter relationship was unable to 
predict the cool November temperature as well as the fall 
equation. The bias produced by the application of the fall 
equation to ^iiarm December days was of the same magnitude as 
bias associated with the winter equation. Since the bias for 
Table 44. Comparison of the three inch soil temperatures 
predicted by the fall and winter equations for 
cool November and %jarra December daya 
Equation for Equation for 
Date Fall Winter Actual Date Fall Winter Actual 
11/ 5/53 52 .4 45 .9 50.4 12/ 1/53 53 .2 45 .4 48.0 
11/ 6/53 46 .2 41 .4 48 .4 12/ 3/53 51.0 44 .4 54.5 
11/ 9/53 49 .3 43 .2 49.3 12/ 4/53 53 .9 47 .4 45.8 
11/23/53 46 .9 41 .7 48.2 12/ 7/53 45 .1 41 .1 46.5 
11/24/53 51 .8 45 .6 47.3 12/ 8/53 53 .3 46 .3 48.5 
11/25/53 39 .8 39 .3 42.5 12/10/53 46 .6 40 .3 43.0 
11/27/53 47 .4 43 .2 44.3 12/11/53 42 .9 41 .4 41. A 
11/28/53 46 40 . 2 43.1 12/21/53 49 .0 44 .3 46.1 
11/30/53 50 .1 43 .2 47.9 
Average 4? .8 42 . 6 46.8 49 .4 43 .8 46.8 
89 
the fall equation was of an opposite sign to that of the 
winter equation, the average of these two values would hsve 
provided a nearly unbiased estimate of the three inch soil 
temperature. 
The comparisons shown hert; are for but one type of cover 
and depth. It seems reasonable thet these comparisons are 
applicable to other analyses for the three inch soil tempera­
ture. The regression equations for the deeper levels did 
not show as great a season to season variation. 
D. The Relationship between the Predicted and 
Observed Soil Temperatures 
1. The three inch soil temperature 
a. The winter predictions. The multiole correl^'^tion 
coefficients obtained for the xvinter analyses were smaller 
than the coefficients of any other season. During winter 
about 70 per cent of the variation in the three inch soil 
temperature was explained by the regression analysis. As e 
result of this large variation a wide scatter of points was 
obtained when the observed soil temperatures were plotted 
against the predicted soil temperatures. These data are 
shown in Figures 4 through 7. 
One of the difficulties in estimating the winter soil 
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Figure 4. The relationship between the ob­
served and the predicted O3 for winter using 
Tu, Tj and S as predictors. 
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Figure 5. The relationship between the ob­
served and the predicted 63 for winter using 
T2> S, and W as predictors. 
65 _ 
60 
t 55 
0 50 
"O 
«) 
o 
0) 
u 
45 
40 
35 
30 
y« • • 
30 35 40 45 50 55 60 65 
Observed 63' (°F) 
Figure 6. The relationship between the ob­
served and the predicted ©3' for winter 
using Tu. Ti, and S as predictors. 
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Figure 7. The relationship between the 
observed and the predicted ©3' for winter 
using T2, S, W, and M3' as predictors. 
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temperature Is that the response is different at near freez­
ing temperatures than at temperatures above freezing. This 
differential response is due to the heat of fusion associated 
with the chginge in state of xvater in the soil. B'igures 4 
through ? show a different response at observed temperatures 
below 37*^ F. than at temperatures above 37° F. Soil with 
this low a temperature at 5:00 p.m. had been frozen earlier 
in the day. 
The data, in Figures 4 and 5 Indicate that at near freez­
ing temperatures a low correlation exists between the observed 
three inch grass temperatures and the predicted temperatures. 
These coefficients were not statistically significant, beim'-
equal to 0.114 for Figure 4 and 0.212 for Fipure 8. Higher 
correlation coefficients were obtained for relating the 
observed to the predicted soil temperatures at observed tem­
peratures above 37° F* For data In Figure 4 this correlation 
coefficient was 0.810, while the coefficient associated with 
Figure 5 was 0.745. 
For fallow conditions the relationship between the 
observed snd the predicted three inch soil temperatures were 
better than under the grass cover. These relationships are 
shown in Figure 6 and 7. The correlation coefficients between 
the observed and tiie predicted soil temperatures at observed 
teaiperatures below 37° F. were 0.516 for the data in Figure 
6 and 0-616 for the data of Figure 7. At observed tempera­
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tures above. 37° f. the correlation coefficients became 
0.720 in Figure 6 and 0.775 for F'lgure 7. 
Figures 4 through 7 Indicate that the equations for 
predicting the three inch temperature during winter should be 
adjusted. This adjustment is different for days when freez­
ing interrupts the soil's normal heat economy than for days 
with above freezing temperatures. Since the correlc'jtion 
between the observed and the predicted temperatures remains 
lovi' even after the adjustment, it is advisable to make further 
atteflipts at the nodiflcstlon of basic prediction equations. 
I'here are two methods for predicting the three inch soil 
temperatures. The method which gives the smaller scatter of 
points in Figures 4 through 7, will yield the best estimate. 
Similarly, the method which produces the higher multiple 
correlation coefficient gives the better prediction. Exam­
ination of ttie figures and raultiple correlation coefficients 
shows that Tji and gave a slightly more precise estimate 
of the three Inch winter soil temperatureB than the analysis 
ueing only Tg. 
b. The predictions for the other seasons. Presented 
in Figures 8 through 19 are the comparisons between the 
observed and the predicted three inch soil temperatures 
for the remaining seasons. On each chart is drawn the 
reg:resslon line which relates the observed to the predicted 
soil temperatures. 
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Figure 8. The relationship between the observed 
and the predicted ©3 for spring using Tu. Tj, S, C, 
and W as predictors. 
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Figure 9. The relationship between the observed 
and the predicted 63 for spring using T2> S. and C 
as predictors. 
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Figure 10. The relationship between the observed 
and the predicted ©3 '  for spring using Ty, T^ and 
S as predictors. 
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Figure 11. The relationship between the observed 
and the predicted ©3' for spring using T2, S, C, and 
Ms'as predictors. 
^ • 7.',; 
100 
90 
CO 
® 85 >•>. 
65 
65 70 75 80 85 90 95 100 
Observed O3 (°F) 
Figure 12. The relationship between the 
observed and the predicted ©3 for summer 
using Tu, Ti, S, C, W, and M3 as predictors. 
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Figure 13. The relationship between 
the observed and the predicted ©3 for 
summer using T2, S, C, W, and M3 as 
predictors. 
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Figure 14. The relationship between the ob­
served and the predicted ©3' for summer using 
Ty. Tj, S, C, W, and M3' as predictors. 
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Figure 15. The relationship between the ob­
served and the predicted ©3' for summer using 
T2, S, W, and M3'as predictors. 
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Figure 16.  The relat ionship between the observed 
and the predicted 83 for  fa l l  using Ty,  Tj ,  S,  C, and 
M3 as  predictors .  
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Figure 17.  The relat ionship between the observed and 
the predicted ©3 for  fa l l  using T2.  S,  C,  and M3 as  pre­
dictors .  
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Figure 18.  The relat ionship,  between the observed and the pre  
dieted 03* for  fa l l  using Tu,  Ti ,  S,  and M3'  as  predictors .  
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Figure 19.  The relat ionship between the observed and 
the predicted ©3'for  fa l l  using T2,  S,  and M3'  as  predic­
tors .  
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Examlriatloxi of the data presented in Figures 8 through 
19 shows that straight lines fit the plotted points. There 
are no changes in slope in the lines e.s -vias the case for the 
winter data. Changes in slope t;ere not expected since shove" 
freezing temperatures were not encountered. 
The amount of scatter in the plotted points indicates 
the siuount of variation not explained by the regression line. 
Exemlnation of Figures 8 through 19 indicates that for the 
fall season there Is the smallest amount of vs.riation not 
explained by the regression analysis. For all seasons the 
araount of p-catter Is less for the analysis employing Ty and 
T2_ then when T2 was employed. 
2• The 80il teaiperature for deeper levels 
The observed and the predicted soil temperatures have 
toeen compared for each cover end season at the remaining 
depths. These comparisons were made to determine whether any 
points diverted greatly from the predicted values and to dis­
cover changes in the slopes of the resulting regression line. 
A careful review of these diagrams shows thst no such irregu­
larities exist, axid. that the multiple correlation coeffi­
cients are adequate estimates of the variability not explained 
by the regression analysis. 
The multiple correlation coefficients for the depths 
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£)elow three inches are higher than the corresponding coeffi 
cients for the three inch depth. The multiple correlation 
coefficients were obtained for the six inch deptn, v;ere 
the largest, and 84 inch depth produced coefficients which 
were larger than those for the twelve inch depth. 
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VI. CONCLUSIONS 
A. The Prediction of the Three Inch Soil Temperature 
1. The temperatures of the invading air mass Tu were found 
to contribute significantly to the three inch aoil tem­
peratures. The magnitudes of the partial regression 
coefficients associated with this variable varied with 
season and cover, but signs of all these coefficients 
were positive. These partial regression coefficients 
ranged in size from 0.1 to 0.2. If other factors remained 
constant, the invasion of an air mass 10° F. cooler than 
the present air mass reduced the soil temperatures by 1° 
or 2° F. 
2. The previous air temperature Ti was successfully employed 
as a predictor in conjunction with the temperature of the 
invading air. The previous air temperature contributed 
Kiore to the soil temperatures than the temperature of 
the invading air, and partial regression coefficients 
associated with the previous air temperature varied from 
0.3 to 0.5. 
5. As a substitute analysis, the current air temperature T2 
was used in place of Ty and Tx. The partial regression 
coefficients obtained by use of this variable ranged from 
about 0.4 to 0.7. These coefficients were larger than 
102 
those for either of the two preceding variables- For 
every degree change in the current air temperature there 
was a corresponding charge of 0.3° to 0.7° F. in the 
three inch soil teraperature« 
4. Changes in the daily total soler energy resulted in pro­
portional changes in soil temperatures. If other factors 
remained constant a change of 100 calories in amount of 
solar energy received each day resulted in a change of 
from 1° to 2-5® F. in the three inch soil temperature. 
5. There la a marked tendency for higher afternoon soil tem­
peratures to oe assocleted with cloudy nights, but during 
the cooler portion of the year the amount of night cloudi­
ness did not contribute significantly to the analysis. 
During the remainder of the year an overcast night sky 
increased the soil temperstures by 2° to 4° F., when other 
factors remained constant. 
6. The effect of wind was also most marked during the warm 
seasons of the year. During these periods an increase 
in the wind velocity aided in the transport of heat from 
the surface, and thus decreased the soil temperatures. 
During the cooler portion of the year wind did not have 
as marked an influence, and the effect appeared to be 
in the opposite direction. For a cold soil surface 
higher wind speeds were associ?ted with soil warming. 
?. Soil moisture exerted a pronounced effect on the tem­
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perature of the soil during the 'warmer seasons of the 
year. Its effect was most felt during these seasons 
because of the more pronounced day to day variations in 
the moisture content of the soil. According to these 
analyses, higher moisture content in the soil resulted 
in lower soil temperatures. The magnitudes of the par­
tial regression coefficients depended on the moisture 
level in the soil. 
8. There -was a large seasonal differsnc® in the precision 
with which the soil temperatures were estimated. The 
winter season provided the poorest estimate of the three 
inch soil teiaperatures since only about 70 per cent of 
the variation was explained by the regression analysis. 
The analysis for fall provided the best estimates by 
explaining about 95 per cent of the veriation in the 
three inch soil temperatures. 
9. When the analyses which employed Tu and Ti are compered 
with those which employed T2, it is apparent that the 
first explained a higher per cent of the variation in the 
three inch soil teaiperatures. The amount of variation 
explained by and Ti was only greater than the amount 
explained by T2 only by a small amount, so it is doubtful 
that the sytem using two variables should be employed. 
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B. Prediction of Soil Temperatures at Deeper Levels 
I'iie use of the soil temperature observed at the next 
shalloiner level as an independent variable provides an 
excellent prediction for the temperature of the soil. In 
some cases this is the only variable which explains a 
significant aiiiount of the variation in the soil temper­
atures . 
The antecedent teniperature provided a small and negative 
effect upon the soil temperature when other factors 
remained constant. The small megnltude end negative 
signs of the resulting partial correlation coefficients 
were due to high relationship between the antecedent tem­
perature and the soil temperature at the next f5hallower 
level. 
Soil moisture exhibited an erratic effect upon the soil 
temperatures at these deeper levels. Its variation was 
not consistent between seasons or for the different 
covers, since it varied in both magnitude and sign. The 
magnitude of the significant partial regression coeffi­
cients depended upon the level of moisture. 
The multiple correlation coefficients were higher for the 
deeper levels than at the three inch depth. The highest 
coefficients were obtained for the six inch depth, with 
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tiie tweoty-four inch depth displaying higher regression 
coefficients than the twelve Inch depth. 
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VII. 3UMMHX 
Soil temperatures have an Important effect on agricul­
ture. They exert a control on the rate of germination and 
growth, on the activity of the soil's microbiological popu­
lation, and on the weathering processes of the soil. Since 
soil temperatures are difficult to measure, there is a defi­
ciency of soil temperature records. This work waa Instigated 
to provide a method for estimating soil temperatures from 
•meteorological and soil factors. 
Soil temperature observations were taken at three, six, 
twelve, and twenty-four inches below the surface with thermo­
couples. The measurements consisted of two dally temperature 
observations which were taken at each depth in each of three 
fallow and three grass plots. The dependent variables for 
the prediction analysis were the averages of the six daily 
observations. 
Two models were used to obtain regression equations for 
prediction of the three inch soil temperature. In the first 
model, the air temperatures used as predictors vjere the tem­
perature of the invading air Ty, defined as the upstream air 
temperature, and the temperature of the air twenty-four hours 
previous to the soil temperature observation Ti. The second 
model utilized the temperature of the air at the time of the 
soil temperature observation. In both regression analyses 
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the dally solar energy S, tne average night cloudiness C, the 
average wind velocity W, arid the average soil moisture 
resistance M3 were used. The latter messurements were 
obtalaed frora Bouyoucos soil moisture blocks. 
For deeper soil levels the antecedent air temperatures 
were used as predictors. These antecedent temperatures were: 
for the six inch depth, T3 the air temperature three hours 
earlier than the observation time; for the twelve inch depth, 
T4 the air temperature ten hours earlier; and for the t-wenty-
four inch depth, T5 the air temperature thirty-two hours 
earlier. 'Ihe observed soil temperature at the next shallower 
depth and the average soil moisture resistance were also used 
as incep'Sndent variables. 
The air teinperatures expressed as Tu, Tl. and Tg were 
positively correlated with the three inch soil temperatures. 
From the thicee inch soil temperature analysis, which employed 
and i'x as predictors, it was noted that Tx exhibited a 
greater effect on the soil temperature than Tu. When other 
factors were held constant a change of 1® F. in changed 
the three inch soil temperature by 0.3° to 0.7° F., while a 
change of 1° P. in only yielded a 0.1° to 0.2° F. soil 
temperature change- Prom the analysis based on the second 
model, which used and Tx along with the other variables 
as predictors, explained a larger per cent of variability 
than the second model; but the increase in precision Xfas so 
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small that it does not appear worthwhile to employ the two 
variable model-
The dally toCal of calories of solar energy received 
was found to be positively correlsted with the three Inch 
soil temperature. When S was combined with the other inde­
pendent variables, its effect did not vary a great deal. 
Each 100 calorie change in the dally solar energy xvas asso­
ciated with a 1° to p. change in the three inch soil 
temperature• 
Clouds occurring at night reduced the amount of energy 
lost by nocturnal radiation and increased the observed soil 
teiaperature. This effect was most pronounced during the 
warmer part of the year» An overcast night sky Increased 
the three inch soil temperature the following afternoon by 
2° F. over the tempersture which would have followed a clear 
night. 
The average wind speed was negatively correlated with 
the three inch soil temperature during the warm portion of 
the year. Wind provides a mechanism for the mixing of the 
lower atmosphere and for hest removal from the surface. 
Average wind velocities of ten miles per hour reduced the 
three inch temperature by as much as 4° or 5*^ F. over a near 
calm condition. 
According to these results the three inch soil moisture 
was not correlated with the three inch soil temperature during 
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the winter and spring seasons. The failure in obtaining a 
significant relationship was due to the small variation in 
soli moisture during the cool seasons of the year. In Bunimer 
and fall, when the variability was greater, lower soil mois­
ture values were associa.ted, with higher soil temperatures. 
This negative relationship was due to the decrease in speci­
fic heat as the soil became drier. 
For deeper soil levels the temperature of the next 
shallower depth was employed as a variable. The three inch 
soil temperature was used to predict the six inch soil tem­
perature, the six inch soil temperature was used to predict 
that at tw€!lve inches, while the twelve inch temperature was 
uaed as a predictor for the twenty-four inch depth. The 
temperatures at these shallower depths provided the beet 
predictors for the soil temperatures at levels below three 
inches. 
The aimple correlation coefficients between the ante­
cedent air teffiperatures and soil temperatures for depths below 
three inches vjere positive; but when expressed in terms of 
the partial regression coefficients, these relationships 
became negative- These negative values seem to indicate 
that a decreasing air temperature is associated with an 
increasing soil temperature. This paradox is the result of 
the closer relationship between antecedent air temperature 
and the soil temperature at the shallower depth than on the 
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temperature at the depth under Investigation. 
For the levels below the three Inch depth, soil moisture 
exhibited an erratic effect- It was uBually positively cor­
related with the soil temperature of the fame depth, but 
sometimes the correlation was negative. No physical explena-
tioii for this variation was found. 
In each case the independent variables were combined 
Ixito a prediction equation according to a multiple regression 
analysis. For the three inch soil temperatures the predic­
tion equation explained from 70 to 95 per cent of the vari­
ation in the soil temperature, leaving 30 to 5 per cent 
unexplained. The greatest per cent of explained variation 
oeeurred in the fall, while the smallest percentage \vas 
assoclatefd with the winter season. The large anro.unt of 
unexplained variation, 30 per cent for the winter season, 
resulted from the difference in the response of frozen and 
unfrozen soil with the same weather conditions. A separate 
analysis should be conducted for days with frozen soil. 
The equations used to predict the temperatures bel.o>/ 
the three Inch depth explained from 85 to 99 per cent of 
the variation in the soil temperatures. On many occasions 
more than 95 per cent of the variation was explained, and 
in only a few oases did the asiount of explained variation 
fall below 90 per cent. 
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APPENDIX A 
Table 45- Average of six daily soil temperature observations 
taken at all depths and under each cover 
G-rass Fallow 
Depth in Inches Depth In inches 
Date —g— g ^ g g ^ 
6/12/53 88 .2 82.2 74 .6 69 .1 96 . 2 87 .2 78 .2 71 .2 
6/15/53 82 .7 78.1 73 .9 69 .7 87 .8 82 .4 77 . 6 72 .4 
6/16/53 85 .2 80.7 74 .7 69 .9 90 .8 84 .8 78 .8 72 .7 
6/17/53 87 .6 81.7 74 .6 70 .0 94 .0 86 .3 78 . 6 73 .0 
6/18/53 90 * ki 83.9 76 .1 70 .3 97 . 2 89 .0 80 .3 73 .5 
6/19/53 90. 6 84 .6 76 .7 70, .4 97 .2 89 .6 81 .0 73 .5 
6/20/53 89 .4 84 • 4 77 .7 72 .0 94 .8 88 .9 82 .0 74 .9 
6/21/53 88 .9 83.6 76 .8 71 .8 93 .8 87 .6 80 .6 74 .8 
6/22/53 B9 .4 83.4 76 .4 71 .8 94 .7 87 .4 80 .3 75 .2 
6/23/53 91 .0 84.6 77 • iC 72 .2 96 .0 88 .3 80 .7 75 .4 
6/24/53 90 • 9 84 .6 77 *4 72 • ^ 95 .8 88 . 6 81 .3 75 .4 
86 .0 82.0 77 . 5 73 • 2 87 .7 85 • 0 80 .6 76 .1 
6/26/53 83 .9 80.4 75 • 8 72 .3 82 .3 80 .2 77 .2 74 .6 
6/27/53 86 .8 81.9 75 .1 71 .0 91 .4 86 .1 76 .8 74 .0 
6/28/53 83 .0 79.4 75 .8 nn 1 (i .0 81 .8 79 .8 75 .0 72 .0 
6/29/53 90 .1 85.0 77 .3 72 .0 95 .9 87 .4 78 .4 73 .3 
6/30/53 90 .9 86.4 79 .4 73 .1 96 . 6 90 .0 81 .7 75 • <C 
7/ 1/53 85 .3 81.6 77 .2 72 .9 89 .4 84 .4 80 .4 75 • 6 
7/ 2/53 87 .0 83.0 77 .5 73 .3 91 .3 85 .8 80 .0 75 .6 
7/ 3/53 89 .4 83.8 77 .4 73 .1 93 .8 86 .4 80 .0 75 .4 
7/ 4/53 84 • 6 79.8 75 7ki .7 85 .6 82 • 2 70 .8 75 . 6 
7/ 6/53 81 • 2 80.0 77 .6 73 . 2 80 .4 79 • v) 77 .9 75 . 2 
7/ 7/53 84 .5 81.2 76 .8 73 .6 85 .9 80 .4 75 .6 73 .9 
7/ 8/53 81 .7 80.6 77 .4 74 .0 83 .8 80 .8 76 .5 74 «2 
7/ 9/53 81 .0 79.0 75 . 5 73 .1 B6 .1 80 .8 75 .5 73 .8 
7/10/53 81 .0 78.5 74 .6 72 . 6 87 . S 81 .4 75 .3 73 .4 
7/11/53 79 • 8 77.6 74 .2 72 .0 87 .0 81 .0 75 .4 73 .0 
7/13/53 81 .6 79 ,.0 75 .0 72 .2 89 .0 83 .0 76 . 6 73 .3 
7/14/53 82 .6 79.6 75 .2 72 • 2 90 .9 84 .6 77 .5 73 .4 
7/15/53 32 .3 79.2 75 • 2 72 .2 90 .5 84 .2 77 .6 73 .7 
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8/31/53 
9/ 1/53 
9/ 2/53 
81.0 
83.6 
86.1 
83.7 
83.8 
83.4 
84.0 
84 .6 
86 .6  
89.8 
90.0 
90.0 
93.4 
91.0 
82.4 
84.3 
82.4 
81.0 
81.1 
80.4 
80 .6 
80.6 
81.6 
79.0 
74 .4 
76.1 
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80.2  
82.4 
83.6 
84.0 
84 .7 
85.3 
85.7 
89.2 
89.6 
85.5 
78.6 
80.4 
81.4 
80.8 
82.2  
80.9 
81.0 
81.4 
64.0 
84.3 
84.4 
84.1 
88.0 
86.2 
81.2 
81.4 
80.4 
79.8 
78.5 
78.7 
77.6 
79 .0 
79-0 
77.3 
74.4 
75.1 
75.4 
75.8 
76.0 
75.5 
76.6 
78.8 
79.4 
80.2 
80.5 
81.0 
81.0 
83.8 
84.7 
82.2 
75.3 
75.6 
75.9 
76.8 
77.2 
76.4 
75.6 
76.4 
78.2 
78.2 
78.8 
79.0 
81.4 
80.8 
79.0 
77.8 
77.6 
77.6 
74.9 
75.0 
75.1 
76.0 
75.6 
75.5 
74.3 
73.9 
73.2 
73.2 
73.4 
73.0 
73.3 
74 .7 
75.2 
75.0 
76.0 
76.6 
76.7 
77.8 
79.0 
77.9 
72.4 
72.2 
72.2 
73.1 
73.4 
73.8 
72.5 
72.8 
74.0 
73.6 
74 .5 
74.6 
76.3 
76.1 
76.6 
75.4 
75.4 
75.3 
74.2 
73.8 
74 .0 
74 .3 
73.8 
73.6 
73.7 
73.2 
72.4 
72.6 
72.4 
72.1 
72.0 
72.4 
72.8 
73.2 
73.2 
73.6 
73.8 
74.4 
74.8 
74.9 
87.3 
90.2 
95.4 
85.1 
84.2 
89.6 
94 .0 
94.4 
94 .3 
98.5 
98.0 
97.8 
101.2 
97.4 
83.6 
85.6 
82.6  
81.2 
86.2 
87.7 
88.8 
86.2 
87.9 
85.2 
77.2 
81.7 
84.2 
85.3 
85.0 
84.2 
87.4 
89 .2 
90.6 
91.0 
91.1 
91.2 
90.6 
94.6 
94.8 
90.4 
82.8 
83.2 
86.5 
82.0 
81.6  
81.8 
85.4 
86.5 
89.7 
90.4 
90.0 
90.0 
93.4 
91.4 
83.2 
82.2 
80.3 
79.8 
79.9 
81.4 
81.4 
80.3 
81.8 
81.2 
77.0 
78.3 
79.2 
80.2 
80.4 
79.4 
80.8 
83.3 
83.8 
84.8 
85.0 
85.0 
84 .5 
87.6 
88.4 
85.0 
77.6 
76.6 
78.2 
79.0 
77.8 
76.2 
76.9 
78.9 
81.8 
81.8 
8 2 . 8  
83.0 
85.3 
84.7 
81.9 
78.7 
77.4 
77.4 
74 .3 
75.1 
75.8 
78.6 
77.0 
77.6 
76.5 
75.5 
74.8 
75.1 
75.6 
75.3 
75.4 
78.0 
77.7 
78.9 
79.2 
79.4 
79.6 
80.7 
82.0 
81.4 
74.2 
73.8 
73.6 
75.4 
75.1 
74.7 
74.0 
74 .6 
75.8 
76.0 
77.0 
78.0 
79.2 
79.2 
79.4 
77.4 
76.2 
76.2 
74.5 
73.8 
74.4 
74.2 
74.8 
74.6 
75.1 
74.8 
73.5 
73.7 
73.9 
73.8 
73.6 
74.3 
74.0 
75.1 
75.4 
75.8 
76.0 
76.1 
77.1 
77.4 
119 
9/ 4/53 
9/ 5/53 
9/ 7/53 
9/ 8/53 
S/ 9/53 
9/10/53 
9/11/53 
9/12/63 
9/14/53 
9/15/53 
9/16/55 
9/17/53 
9/19/53 
9/El/53 
9/22/53 
9/£3/53 
9/24/53 
9/25/53 
9/28/53 
9/29/53 
9/30/53 
10/ 1/53 
10/ 2/53 
10/ 5/53 
10/ 6/53 
10/ 7/53 
10/ 8/5-3 
10/ 9/53 
10/12/53 
10/13/53 
10/14/5S 
10/15/53 
10/16/53 
10/18/53 
10/19/53 
10/21/53 
10/22/53 
10/23/53 
10/27/53 
10/28/53 
3 
72.0 
74.5 
75.4 
74.4 
76.0 
78.5 
79.3 
73.8 
74 .2 
75.8 
75.2 
76.8 
77.4 
69.5 
72.4 
71.6 
71.4 
74.6 
79.3 
79.0 
77.0 
77.5 
78.6 
67.2 
61.0 
64,6 
65.5 
67.4 
66.6  
66.9 
68.6 
70.6 
6fc. 8 
69.9 
69.6 
70.6 
68.1 
65.2 
52.6 
54.4 
6 
72.0 
73.1 
73.5 
72.5 
73.2 
74 .0 
76.6 
73.2 
72.3 
73 .4 
73.2 
74.0 
75.2 
69.7 
69.5 
69.2 
69.2 
71.2 
73.3 
74.7 
74.0 
73.1 
74.4 
67.0 
62.2 
63.2 
63.6 
65.2 
65.2 
65. 
66.0 
67.2 
66.6 
67.3 
67.5 
67.6 
66.4 
64 .9 
55.2 
55.4 
12 
72.0 
71.2 
71.2 
70.1 
70.6 
70.0 
72.2 
71.8 
70.1 
70.1 
70.0 
71.0 
71-6 
69.6 
67.2 
66.7 
67.1 
67.6 
69.2 
70.3 
70.4 
69.4 
70.4 
66.4 
64 .0 
62.9 
6r';, f C " C 
62.9 
63.6 
63.4 
63.6 
63.7 
63.8 
64 .6 
65.2 
65 .2 
65.1 
64 .4 
59.2 
57.0 
24 
73.6 
72.4 
71.8 
70.8 
70.8 
69.2 
70.2 
71.5 
70.0 
69.8 
69.2 
69.9 
70.3 
70. 5 
69.3 
68.3 
68.0 
67.8 
68.0 
68.3 
69.3 
69.2 
69.0 
66. S 
67.8 
66.4 
65.4 
65.2 
65.0 
64.7 
64 .6 
64.4 
64.1 
64.6 
65.0 
65.0 
65.0 
65.2 
63.4 
62.0 
3 
71.3 
74.4 
75.0 
74 .9 
79.2 
81.0 
86.2 
78.8 
80.6 
62.5 
82.5 
84 .3 
78.8 
72.8 
76.5 
76.2 
75.5 
80.2 
85.1 
85.4 
6 1 . 6  
82.0 
8 2 . 8  
65.6 
58.6 
63.8 
64.2 
68 • 'ii 
70.0 
71.2 
73.0 
76.0 
75.0 
75.6 
74 .8 
75 .6 
70.4 
67.0 
50.2 
52.3 
6 
73.6 
72.4 
72.3 
71.3 
73.4 
75.7 
80.0 
75.4 
75.6 
76.6 
76.8 
78.3 
75.6 
71.2 
70.6 
70.4 
71.0 
73.9 
77.1 
78.8 
77.2 
75.6 
77.2 
66.2  
61.0 
61.7 
61.8 
64.0 
66.2 
66.6 
67.2 
68.8 
69.0 
70.0 
70.2 
70.6 
67.6 
66.2 
54.2 
53.9 
12 
73.5 
71.0 
70.2 
68.8  
69.7 
70.8 
73 .4 
72.8 
70.9 
71.0 
71.6 
73.0 
72.8 
70.1 
67.4 
67.3 
68.4 
69.0 
70.7 
72.6 
73.0 
71.1 
72.4 
66.4 
63.6 
61.2 
60.5 
61.2  
63.5 
63.4 
63.3 
64.2 
64.5 
65-6 
66.4 
66.4 
66.1 
65.2 
58.6 
55.8 
24 
74.9 
73.6 
71.6 
70.4 
70.3 
69.8 
71.4 
71.6 
70.2 
70.4 
70.5 
70.8 
71.5 
71.2 
69.6 
69.0 
68.8 
68.2 
69.0 
69.6 
70.8 
7Q.9 
70.4 
69.4 
68.2 
66.0 
64.4 
6-3.8 
64.6 
64.4 
64 .4 
64.4 
64.6 
65-0 
65.8 
66.0 
65.8 
66.4 
63.4 
61.8 
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10/29/53 
10/30/63 
11/ 2/53 
11/' 3/&3 
11/ 4/5-3 
11/ 5/53 
11/ 6/53 
11/ 9/53 
11/10/53 
11/11/53 
11/12/53 
11/13/53 
11/17/53 
11/18/63 
11/20/53 
11/23/53 
11/£4/53 
11/£5/53 
11/27/53 
11/28/53 
11/30/53 
12/ 1/53 
12/ 3/53 
12/ 4/53 
12/ 7/53 
12/ 8/53 
12/10/53 
12/li/S3 
12/15/53 
12/1S/53 
12/17/53 
12/18/53 
12/21/53 
12/23/53 
12/24/53 
12/28/53 
12/29/53 
12/30/53 
12/31/53 
1/ 1/54 
3 
56.8 
58.4 
60.2 
57.5 
56.1 
50 .4 
48.4 
49.2 
51.2 
52-3 
53 .4 
55.7 
56 • 8 
61.6 
52.4 
48.2 
47.3 
42.4 
44.3 
43.1 
47.8 
48.0 
54.5 
45.8 
46.5 
48.4 
43.0 
41.8 
37.2 
34.6 
33.£ 
32.5 
46.0 
33.8 
34.6 
33 - 6 
38.2 
37.9 
36.6 
43.0 
55.6 
56.8 
58.1 
57.6 
56.8 
52.1 
50.0 
49.0 
50.0 
51.6 
51.9 
53.6 
56.1 
58.5 
54.3 
48.2 
49.2 
45.0 
46.0 
43.2 
47.4 
46.4 
53.2 
47.4 
45.8 
47.2 
42.6 
42.3 
35.4 
37.2 
35.4 
33.5 
45.1 
36.2 
36.2 
39.8 
35.2 
38.9 
37.3 
41.0 
02^ 
55.4 
55.4 
56.2 
57,4 
57.0 
53.7 
f; o 
49.7 
49.4 
50.8 
50.8 
51.8 
54.0 
55.4 
56.6 
49.6 
51.7 
49.1 
47.8 
45.9 
47.2 
46.4 
50.9 
4S .5 
46.1 
46.8 
44.4 
44.3 
41.5 
41.5 
39.8 
33.1 
43.7 
40.8 
39.4 
40.4 
39.4 
40.2 
38.5 
39.8 
24 
60.7 
60.0 
59.1 
60.0 
60.0 
59.0 
58.6 
55.6 
55.0 
55.0 
54.8 
54.8 
55.8 
56.0 
57.1 
54.6 
54.8 
55.2 
53.4 
52.3 
51.1 
50.5 
51.4 
52.7 
51.0 
50.2 
50.0 
49 .5 
45.5 
48.4 
47.4 
45.4 
45.1 
47.0 
45.4 
44 .6 
43.9 
44.4 
43.6 
43.2 
3 
56.8 
59.2 
63.2 
60.3 
58.4 
50.4 
47.0 
49.0 
52.1 
53.4 
55.0 
58.5 
61.4 
64 .3 
49.0 
47.6 
47.3 
42.0 
43.7 
40.6 
49 . 
50.0 
55.2 
44.6 
45.0 
49.4 
42.8 
41.0 
33.8 
34-2 
32.6 
32.1 
47.0 
31.4 
33.1 
34.2 
33.5 
33.8 
34.0 
43.6 
6 
54.5 
55.6 
58.4 
58.6 
57.7 
52.2 
48.4 
47.5 
49.0 
50.8 
51.6 
54.0 
56.9 
59.6 
54.2 
47.0 
48.6 
45.0 
46.0 
41.4 
47.5 
46.6 
53.2 
45.3 
44.8 
47.0 
41.4 
41.2 
37.0 
37.2 
35.2 
33.0 
44 .8 
34.8 
34.4 
35.0 
34.9 
35.6 
34.7 
39.6 
12 
54.0 
54.0 
55.6 
57.1 
57.0 
54.1 
51.0 
48.3 
48.4 
49.8 
49.9 
51.1 
54.0 
55.8 
56.6 
48.6 
49.8 
47.8 
47.2 
45.6 
46.7 
45.6 
50.5 
49.2 
45.0 
46.0 
43.8 
43.4 
41.5 
41.4 
39.8 
37.8 
42.8 
40,0 
33.2 
33.2 
37.6 
38.2 
37.7 
37.9 
24 
60.2 
59.0 
58.4 
59.3 
59.3 
59.0 
59.4 
54.6 
53.8 
53.8 
53.9 
53.8 
55.4 
55.5 
57.5 
53.9 
53.8 
54.7 
52.8 
51.4 
50.4 
49.8 
50.9 
52.2 
49.8 
49.7 
49.2 
48.6 
47.4 
47.3 
46.2 
44.6 
43.8 
45.6 
44 .3 
43.0 
42.4 
42.6 
42.2 
41.6 
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3 6 12 24 3 6 12 24 
1/ 2/54 44 6 43 2 41 8 44 • 4 46.5 43.5 41.5 43.4 
1/ 4/54 40 6 40 0 40 8 44.8 38.6 38.4 40.4 44.2 
1/ 5/54 40 8 39 7 40 2 44 • 4 38. e 37.6 39.6 43.5 
1/ 6/54 41 0 40 a 41 0 44.8 39.6 39.0 40.2 43.8 
1/ 7/54 4-3 0 41 2 40 0 43.7 42.1 39.2 39 .0 42.8 
1/ 3/64 46 3 43 8 41 6 43.4 . 49.3 43.8 40.8 42.6 
1/ 9/54 40 5 42 4 43 5 45.8 39.8 41.6 43.0 45.2 
1/11/54 53 0 A* 35 3 38 8 44.7 33.3 35.3 39.4 44 .4 
1/13/54 32 n w 33 6 36 6 42.9 31.9 33.0 36.5 42.3 
1/14/54 33 1 33 3 36 4 42.0 33.0 33.2 36.2 41.5 
1/15/64 34 1 54 8 37 0 42.0 33.4 33.4 35.8 41.0 
1/17/54 33 2 34 5 37 4 42.3 3 2.4 33.0 35.8 41.6 
1/18/54 33 2 33 8 36 4 41.7 32.8 33.0 35.7 40.3 
1/19/54 41 4 37 9 36 6 40.4 35.6 32.3 34.8 39.3 
1/21/54 34 8 36 0 40 3 44.5 30.6 35.6 38.2 41.6 
l/2£/64 o<3 8 34 *7 37 8 42.8 33.1 33.8 37.0 41.4 
1/23/54 32 a 33 .3 36 1 41 . e^. 32.0 32.2 35.0 39.8 
l/'c&/ 54 34 4 33 • 8 36 1 40.5 35.4 32.8 35.0 38.6 
1/27/54 34 4 35 • 3 38 1 42.4 32.8 34.5 37.2 40.8 
1/28/54 32 1 33 .4 35 7 40.7 31.7 32.6 35.2 39.6 
1/29/ 54 33 2 33 .6 36 0 40. 5 32.5 32.8 35.1 39.3 
1/30/54 33 4 34 .2 36 2 40.0 33.2 33.6 35.8 40.0 
£/ 1/54 35 8 35 .7 36 5 40.0 35.6 33.8 35.B 39.4 
2/ 2/54 43 6 39 • 8 37 4 40.0 43.5 38.0 36.2 39.2 
2/ 3/54 44 3 42 •4 40 5 41.6 45.1 41.8 39.0 40.1 
2/ 4/54 44 7 42 .3 39 8 41.6 46.4 41.8 39.2 40.8 
2/ 6/54 44 3 42.5 41 0 42.3 45.7 42.2 40.0 41.6 
2/ 7/54 41 0 40 *0 39 7 42.8 38.3 37.6 39.3 42.2 
2/ 8/54 43 8 40 a 39 X 41.7 45.0 39.3 38.0 41.0 
2/ 9/54 49 1 44 • 2 40 4 41.8 53.2 45.2 40.0 40.7 
2/10/54 47 8 44 . 5 42 0 43.0 o,i. 2 45.8 41.8 42.0 
2/11/54 41 6 41 • 2 41 3 43.2 42 • 6 41.4 41.2 42.9 
2/12/ 54 36 6 33 • 4 39 6 43 .4 35.3 36.8 40.0 43.4 
2/15/64 54 7 51 • 8 47 44 .0 59.0 54.0 49 .8 44.0 
2/16/54 49 8 49 .0 47 8 46.0 50.2 49 .4 47.9 45.2 
2/17/54 49 6 46 • s 44 8 45.6 51.0 47.0 44.8 45.6 
2/18/54 50 4 47 .0 44 8 45.6 51.0 47.4 44.2 45.5 
2/22/54 48 5 4 5 .2 43 2 45.0 49.2 45.1 43.0 44.8 
2/23/54 42 4 43 .1 44 c 45.6 41.3 42.7 43.9 45.3 
ic/ 24/ 54 4-1'^  6 44 .7 42 2 44 .4 50.8 44.8 41.8 44.2 
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2/26/54 
3/ 1/54 
3/ 4/54 
3/ 5/54 
3/ 7/54 
3/ 8/54 
3/ 9/54 
3/11/54 
3/12/54 
3/15/54 
3/16/54 
3/17/54 
3/19/54 
3/22./54 
3/24/54 
3/25/54 
3/26/54 
3/27/54 
3/28/54 
3/29/54 
3/30/54 
•3/31/54 
4/ 1/54 
4/ £/54 
4/ 5/54 
4/ 6/54 
4/ 7/54 
4/ 8/54 
4/ S/54 
4/10/54 
4/12/54 
4/13/54 
4/15/54 
4/17/54 
4/20/54 
4/22/54 
4/23/54 
4/26/54 
4/27/54 
4/28/54 
3 
48.2 
45.4 
34.6 
55.2 
49.6 
49 .6 
50.0 
48 .4 
53.6 
43.9 
48 • 8 
49.7 
48.0 
50.1 
54.4 
55.7 
57.0 
58.4 
59.6 
42.9 
4i; • 6 
49.0 
51.7 
56.3 
61.9 
70.5 
65. E 
62.5 
61.7 
64.8 
63.8 
65.5 
63.8 
63 .4 
66.4 
56.1 
65.8 
73.2 
65.6 
64.8 
6 
45.2 
4E.7 
36.6 
36.1 
43.9 
45.0 
46.2 
46.0 
49.4 
41.8 
•44.8 
45.2 
46.2 
46.8 
49.6 
54.8 
52.5 
53.6 
55.1 
46.4 
43.9 
46.5 
47.6 
50.9 
56.2 
63.6 
62.4 
59.6 
55.8 
59.8 
60.6 
61. E 
63.0 
58.7 
63.0 
58.2 
61.4 
58.6 
64 .8 
63.1 
43.6 
41.2 
39.4 
38.0 
39.2 
41.2 
43.4 
44.2 
45.4 
41.0 
41.8 
43.4 
45.2 
44 .5 
45.8 
50.8 
48.2 
49.0 
50.4 
49 .2 
45.2 
44 .5 
44.2 
46.2 
49.6 
55.0 
57.4 
55.8 
53.2 
54.8 
55.8 
56.3 
60.0 
53.8 
58.2 
58 .4 
57.4 
53.8 
63.4 
61.6 
24 
45.4 
44 .5 
43. S 
42.6 
41.2 
41.2 
43 .4 
44 • 5 
44.1 
44.4 
44.2 
44 .3 
45.5 
45.4 
45.2 
47.2 
47.5 
47.6 
48.3 
50 .0 
48.6 
46.9 
46.2 
45.9 
46.9 
49.1 
51.2 
52.8 
51.4 
51.8 
53.4 
53.6 
55.6 
52.8 
55.0 
57.2 
56.0 
59.0 
59.7 
59.9 
3 
50.0 
45.0 
33.4 
33 .1 
50-7 
53.4 
52.9 
51.0 
59.8 
46.2 
52.1 
55.4 
48.8 
51.4 
57.3 
56.0 
57.2 
61.3 
64.2 
38.8 
40.0 
51.5 
55.7 
64.2 
69.5 
75.7 
?1.2 
67.5 
69.0 
72.8 
64 .8 
69.1 
64.2 
68 .1 
72.9 
57.2 
67.1 
73.0 
64.4 
64.0 
6 
45-1 
41.9 
35.4 
34.8 
41.8 
45.7 
4to • 2 
47.4 
51.7 
41.8 
45.5 
48 
46.6 
46.6 
50.0 
54.2 
51 .4 
53.7 
56.6 
43.8 
41.2 
46.7 
48.0 
54.6 
60.3 
65.8 
65.1 
61.4 
59.8 
63.9 
59.9 
62.2 
62.7 
59.1 
65.0 
58.2 
60.8 
57.7 
63.6 
61.7 
12 
43.2 
41.2 
39.2 
38.0 
37.4 
39.8 
42.4 
44.4 
46.0 
41.0 
41.5 
43.7 
45.8 
44.1 
45.4 
50.4 
47.0 
47.8 
49.8 
48.0 
43.9 
43.6 
4o .4 
46.2 
50.3 
55.6 
58.0 
55. S 
53.6 
55.8 
55.2 
55.4 
59.2 
53.7 
59.2 
58.8 
57.1 
62.6 
62.2  
60.4 
24 
45.0 
44.2 
43.5 
4<i • 3 
40.0 
40.0 
42.0 
44.4 
44.3 
44.8 
43.9 
44.0 
45.8 
45.2 
44.9 
46.9 
46.6 
47.0 
47.8 
49.6 
47.8 
46.4 
45.5 
45.3 
46.9 
49.3 
51.7 
52.9 
52.0 
51.4 
53.7 
53.4 
£>5.4 
53.1 
55.4 
57.6 
56.5 
58.4 
59.6 
59.4 
4/29/54 
&/ 3/54 
S/ 4/54 
5/ 5/54 
5/ 6/64 
6/ 7/54 
5/10/54 
5/11/64 
5/12/54 
&/13/54 
5/14/64 
5/17/54 
5/18/54 
5/1S/54 
5/20/54 
•5/21/54 
5/24/54 
5/25/54 
5/28/54 
5/27/54 
5/28/54 
5/31/54 
6/ 1/54 
6/ 2/54 
6/ 3/54 
6/ 4/54 
6/ 7/54 
6/ 8/54 
6/ S/54 
6/10/54 
6/11/54 
6/14/54 
6/15/64 
6/16/54 
6/17/54 
6/18/54 
6/21/54 
6/ 2<i/ 54 
6/23/54 
6/24/54 
3 
70.2 
57.1 
61.9 
64.1 
60. 6 
6 2 . 0  
63.4 
66.0 
66.6 
68.6 
70.6 
70.7 
72-1 
67.0 
69.e 
70. C 
74.8 
60.3 
68.3 
75.3 
69.4 
73.2 
67.7 
62 .6  
60.5 
69.8 
76.6 
78.2 
70. e 
79,-6 
82.5 
84.2 
79.8 
83.5 
S4 .2 
85.5 
85-8 
85.4 
86.4 
86.0 
6 
65.7 
58.8 
59.7 
61.3 
58.8 
60.0 
5Q. 5 
62.5 
62.5  
64.4 
55 • 8 
63.1 
63.6 
o5. ci 
65-9 
66-1  
70.6 
67.0 
66.0 
70.4 
6b. 7 
68.6 
66.2  
62-3 
61-0 
65-1 
72.1 
72-8 
68.5 
73.8 
77.0 
80.0 
76.8 
78.4 
80.3 
81.8 
81.8 
8 2 - 0  
82.0 
81.6 
61.4 
60.2 
57.7 
58.2 
57.8 
58.0 
55.9 
56 .6 
58.5 
F.C . A 
60.7 
63.4 
63-9 
63.6 
61.3 
62.1 
65.2 
65.1 
63.9 
65.0 
66 .6 
65 • 6 
65.3 
63 .0 
61.8 
61.4 
66.6 
67.4 
67.7 
67.6 
70.6 
74.1 
73.5 
73 .0 
74 .9 
76-0 
76.0 
76.9 
76.2 
76.6 
24 
59.3 
60.6 
59.4 
56.1 
57.8 
57.a 
56.2 
57.5 
57-0 
57.4 
58.4 
59.6 
60.7 
61-1 
60.4 
60.4 
61.1 
6 • 2 
62 .0 
62.0  
63.0 
6 2 - 6  
63.4 
63 .2 
62  -6  
61.2 
62.4 
63.1 
64 .2 
64.0 
65 .4 
68.0 
68.4 
68.5 
69.3 
70.2 
71-2 
71-6 
71-6 
72.0 
3 
70 .4 
r.X 
• 8 
59 .8 
63 .0 
59 .9 
60 .6 
64 -2 
66 • 1 
57 .0 
69 .6 
73 . 6 
71 .0 
76 . 6 
68 .6 
75 .6 
76 .7 
74 .7 
67 -0 
68 • 2 
75 .8 
68 
- 2 
63 .6 
67 .4 
61 • o 
59 .6 
70 .9 
78 . 2 
80 .0 
71 .6 
81 .4 
84 .0 
84 .8 
79 . 6 
84 -8 
85 .0 
8 c . 2 
90 .9 
68 .4 
91 .6 
92 .2 
6 
64.2 
56.8 
56.6 
59.0 
56.6 
59.4 
58.4 
61.4 
61.4 
63.0 
64 .8 
67 - 3 
6 8 - 8  
65.0 
66 • 6 
68-4 
69.2 
65.2 
64,4 
69 
- 6 
67 - 5 
68.8  
65.6 
61.0 
59.6 
64 .6 
72.0 
72-4 
68.2 
73.8 
76.6 
79.4 
75.6 
77.5 
79.8 
8 2 . 0  
83.9 
82 .8  
83.6 
84.4 
12 
59 .7 
59. S 
55.2 
56.0 
55.6 
56.0 
54.1 
56.8 
56.6 
57.6 
58.6 
62.4 
62.4 
62-5 
60.8 
61.4 
64 -0 
63.9 
62 -4 
64.0 
65.4 
64 .6 
64.6 
61.9 
60.7 
60.9 
66.0 
6 6 - 8  
67.0 
67.2 
70.0 
73.0 
72.3 
71.8 
73.6 
75.0 
77.4 
77.6 
76.2 
77.4 
24 
58.8 
60.6 
58.4 
57.2 
56.6 
56.0 
55.0 
56.4 
55.9 
56.2 
57.0 
59.2 
59.9 
60. 6 
6 0 - 0  
59.8 
60.6 
6 2 - 0  
61.4 
61.2 
62-6 
61,6 
63.2 
62.6  
62.0 
61.4 
62.2 
6 2 - 8  
64 .3 
64.0 
65.2 
68.0 
67-9 
68.0 
69.0 
69.6 
71.6 
72.6 
71.8 
72.6 
6/25/54 87 »8 82.7 77.E 72-2 94.6 86.4 78-8 72-9 
5/28/54 84.E 82-4 78.7 73.2 88.7 86.8 61.6 75.2 
6/29/54 87.2 82.5 77.6 73.0 95.0 86.8 80.4 75.2 
6/30/54 89.6 83.9 70.0 73.7 96-2 88.0 80.6 75.6 
APPENDIX B 
Table 46- Average dally resistance In ohms from the six soli sjioisture blocks 
at all depths and. under each cover 
Grass B'^allow 
Depth In inches Depth in Inches 
Date 3 6 12 24 3 6 12 PA 
6/12/63 321 000 36,300 2 950 580 1,310 890 880 570 
6/15/53 992 000 237,000 4 570 630 1,310 940 910 580 
6/16/5-3 1,343 000 4 29,000 800 650 1,540 970 940 580 
6/17/53 1,450 000 822,000 13 800 670 1,380 970 980 590 
6/18/53 1,693 000 1,040,000 21 900 720 1,390 990 1,000 590 
6/19/53 1,690 ijOO 1,200,000 38 200 780 1,410 1,020 1,020 600 
6/ <iU/ o3 l,9i;;0 000 1,320,000 63 800 860 1,420 1,040 1,040 590 
6/£i/ 53 1,9 80 000 1,o40,OOv 103 000 920 1,560 1,060 1,060 600 
6/^2/DO 1,933 000 1,440,000 165 000 1,030 1,510 1,080 1,080 610 
6/i;3/53 ki. , 1 0 0 000 1,650,000 247 000 1,170 1, 590 1,100 1,100 620 
o/ wO/53 329 500 1,430,000 462 000 1,630 1,610 1,170 1,160 640 
6/ £6/ o3 2 t.50 525,000 352 000 2,030 1,250 1,000 1,080 630 
6/^7/53 3 380 544,000 317 000 2,420 1,290 990 1,050 600 
6/ 28/ 53 79 500 468,000 418 000 3,110 1,150 960 1,010 600 
6/29/53 74 280 409,000 415 000 3,530 1,450 1,060 1,100 650 
6/30/D3 93 670 636,000 463 000 4,060 1,580 1,130 1,150 670 
7/ 1/53 15ic 000 663,000 463 000 5,390 1,570 1,130 1,170 670 
7/ 2/53 509 600 834,000 547 000 6,620 1,540 1,140 1,200 680 
7/ 3/53 993 000 l,00u,000 588 000 8,730 1,540 1,200 1,220 690 
7/ 4/53 1 300 1,130 1 170 1,640 820 720 1,050 630 
3 6 12 
7/ 6/53 
7/ 7/53 
7/ 8/53 
?/ 9/53 
7/10/63 
7/13/53 
7/14/53 
7/15/53 
7/16/53 
7/17/53 
7/18/53 
6/£1/53 
7/^2/53 
7/24/53 
7/25/53 
7/27/53 
7/28/53 
7/29/53 
7/30/53 
8/ 3/53 
8/ 4/53 
8/ 5/53 
8/ 6/53 
8/ 7/53 
8/ 9/53 
8/10/53 
8/11/53 
8/12/53 
1,400 
1,730 
2,010 
2,4k;0 
3,250 
3,790 
15,010 
44,400 
376,100 
316,400 
73,000 
231,000 
3,880 
3,4 50 
3,880 
5,970 
10,300 
501,000 
810,000 
1,997,000 
1,858,000 
2,058,000 
1,220 
1,210 
1,260 
1,440 
2,110 
2,180 
2,6i : ;0  
2,910 
1,260 
1,390 
1,560 
1,750 
2,150 
2,400 
4,750 
23,200 
34,600 
30,100 
70,300 
208,000 
276,000 
107,000 
34,300 
59,900 
138,000 
781,000 
693,000 
1,240,000 
1,190,000 
1,550,000 
1,200 
1,080 
1,190 
1,210 
1,370 
1,630 
1,750 
1,980 
1,300 
1,380 
1,660 
1,630 
1,790 
1,930 
2,750 
3,630 
4,470 
6,960 
13,300 
25,300 
150,000 
93,300 
162,000 
180,000 
136,000 
388,000 
32S,000 
578,000 
628,000 
790,000 
1,860 
4,500 
3,510 
2,340 
1,820 
1,800 
1,720 
1,830 
24 3 12 24 
2,030 960 770 1,020 620 
2,130 1,000 830 930 620 
2,590 1,110 900 1,070 640 
2,610 1,180 910 1,090 630 
3,030 1,330 940 1,100 670 
3,080 1,280 970 1,070 660 
3,760 1,410 1 ,030 1,12O 680 
3,810 1,380 1 ,120 1,160 720 
4,080 1,490 1 ,130 1,120 680 
4,480 1,600 1 ,130 1,150 690 
5,000 1,620 1 ,110 1,150 690 
5,580 1,580 1 ,100 1,140 690 
8,460 820 750 1,110 700 
8,820 780 770 1,060 690 
9,770 920 880 1,040 710 
10,000 1,000 900 1,010 700 
11,200 1,130 950 1,040 720 
16,700 1,290 1 ,040 1,160 710 
17,300 1,390 1 ,070 1,180 710 
21,100 1,400 1 ,090 1,190 710 
29,800 1,450 1 ,140 1,210 720 
52,800 1,540 1 ,210 1,260 800 
25,000 640 670 950 760 
24,400 780 800 870 690 
26,300 900 780 950 690 
41,200 920 790 920 710 
46,300 1,020 910 1,000 750 
47,400 1,390 910 1,030 780 
44,000 1,260 920 1,070 740 
45,300 1,140 940 1,010 730 
3 6 12 
8/13/53 3,460 2,360 1,820 
8/15/53 6,600 3,330 2,070 
8/16/5-3 8,0 60 4,380 2,310 
8/17/53 11,980 , 5,450 2,570 
8/18/53 24 , 680 7,200 2,830 
8/19/53 77,100 10,800 3,180 
8/20/53 278,450 23,000 4,060 
8/21/53 524,900 38,600 5, 240 
&/')C2/ 53 807,150 111,000 5,870 
8/24/53 X ^ 240,000 505,000 17,133 
8/25/53 1, 4 2u,OuO 463,000 32,500 
B/26/53 500,000 753,000 65,300 
8/27/53 -L 712,000 1 ,060,000 80,400 
8/29/53 1, 740,000 1 ,180,000 467,000 
8/30/53 1, 750,000 1 ,220,000 497,000 
8/31/53 X ^ 965,000 1 ,270,000 423,000 
9/ 1/53 075,000 1 ,460,000 543,000 
y/ 2/53 1, 750,000 1 ,310,000 515,000 
9/ 4/53 1,160 1,030 177,000 
a/ 5/53 1,190 1,080 44,600 
9/ 7/53 1,450 1,220 11,700 
9/ 8/53 1,640 1,340 8,180 
9/ is/o3 2,300 1,560 8,460 
9/10/53 2, 290 2,090 5,910 
9/11/53 2,700 1,810 6,320 
9/12/53 3,350 2,090 5,790 
9/14/53 3,600 2,670 2,290 
9/15/53 7,120 3,340 5, 520 
9/16/5o 8,850 3,800 6,310 
9/17/55 17,800 5,350 7,410 
S4 3 6 12 24 
44 000 1,130 970 1,060 720 
44 100 1,270 960 990 750 
49 700 1,210 1 090 1,070 730 
44 800 1,280 1 160 1,150 730 
38 200 1, 240 1 110 1,150 730 
42 BOO 1, 250 1 090 "1 n X J J-WW 720 
48 400 1,280 1 100 1,180 710 
43 400 1,260 1 120 1,130 740 
43 600 1,280 1 130 1,140 750 
53 000 1,430 1 200 1, 220 770 
57 000 1,470 1 200 1,170 780 
63 900 1,490 1 190 1,160 780 
59 200 1,520 1 250 1,140 780 
58 600 1,510 1 290 1,200 790 
103 000 1,530 1 310 1,150 790 
77 300 1,700 1 290 1,130 800 
97 400 1,640 1 330 1,210 790 
138 500 1,600 1 330 1,220 800 
85 900 800 630 640 630 
79 400 850 730 860 630 
91 300 900 750 920 700 
69 900 970 790 920 730 
67 300 1,040 820 890 750 
71 800 970 960 890 730 
32 300 1,140 810 920 790 
89 000 1,020 780 850 780 
73 500 1,120 840 890 760 
75 300 1,180 900 910 760 
83 200 1,180 930 940 780 
7R 100 1,260 990 990 820 
3 6 12 
9/19/53 26 300 16 100 11,200 
9/21/63 37 250 26 900 20,000 
9/22/53 55 460 38 500 21,700 
9/23/63 1x2 800 76 600 28,100 
9 / / £>3 267 500 181 000 36,800 
9/^5/o3 473 000 223 000 46,300 
9/ «d6/ 63 1 u2 00 0 314 000 107,000 
9/S9/53 120 000 435 000 153,000 
9/30/63 117 000 434 000 160,000 
10/ 1/63 1,^30 000 469 000 178,000 
lU/ 2/53 i J 'i 5u 000 608 000 170,000 
10/ 5/63 1 460 3 820 156,OOu 
10/ 6/63 1 780 3 000 203,000 
10/ 7/63 1 980 2 770 173,000 
10/ 8/53 2 200 ic 670 148,000 
10/ 9/53 3 590 3 4 oO 126,000 
10/liL./53 4 330 3 370 99,400 
10/13/63 5 080 3 470 121,000 
10/14/53 5 780 3 700 110,000 
10/15/63 7 530 4 330 94,900 
10/16/63 10 800 6 130 121,000 
10/18/63 25 500 4 600 101,000 
10/19/53 53 370 7 600 83,300 
10/ iil/53 259 260 30 900 88,700 
10/£fc/53 315 300 15 400 89,700 
10/23/53 40S 200 28 000 83,000 
10/2'?/5-3 7 200 53 700 111,000 
10/i;8/50 7 070 52 000 111,000 
10/k;9/63 6 0 30 46 300 110,000 
10/30/63 6 £00 44 500 120,000 
24 3 5 12 24 
84, 300 1, i;40 970 990 820 
84, 700 1,290 1, 060 1 ,100 880 
91 000 1, £50 970 680 850 
87 400 1,340 980 920 820 
87 500 1,300 970 920 820 
83 700 1,310 1, 000 900 830 
90 400 1,480 1, 040 930 800 
92 800 1,370 1, 120 940 820 
98 000 1,400 1* 110 990 820 
100 000 1,660 1, 100 970 830 
87 300 1, 620 1, 130 1 ,020 840 
90 600 840 720 890 960 
107 000 S20 840 920 950 
96 900 860 860 860 940 
94 900 910 870 830 920 
84 800 1,040 940 810 920 
93 400 980 1, 00 0 900 950 
93 700 970 1, 000 880 920 
89 300 1,000 990 900 910 
94 000 1,030 1, 020 890 930 
97 700 1, 210 1, 120 940 990 
93 200 1,110 980 960 930 
68 600 1,140 960 930 920 
82 000 1,150 930 950 830 
78 900 1,160 900 940 790 
72 700 1,200 1* 000 980 820 
93 600 770 810 1 ,010 870 
102 000 320 820 1 ,000 860 
84 000 860 850 970 900 
94 700 890 820 990 870 
3 6 12 
11/ £/&3 7 570 41 500 116 000 
11/ 3/63 7 90 0 43 200 1(C.4 000 
11/ 4/53 8 870 38 500 118 000 
11/ 5/53 8 960 42 900 127 000 
11/ 6/53 9 720 45 000 127 000 
11/ 9/53 13 400 54 700 l<c4 000 
11/10/53 19 140 ol 300 1£8 000 
11/11/53 £? 860 67 300 128 000 
11/12/53 47 800 80 000 128 000 
11/13/53 74 330 142 000 128 000 
11/1?/53 730 000 281 000 129 000 
11/18/ 53 730 000 325 000 140 000 
lx/v;U/53 12 500 332 000 17£ 000 
ll/c3/63 6 830 292 000 150 000 
ll/>^/53 6 890 138 000 149 000 
11/25/53 6 950 138 000 149 000 
11/£7/53 7 140 138 000 14 B 000 
11/ £6/ .'")3 0 1 IBO 138 000 148 000 
11/30/ 53 7 220 136 000 14 8 000 
1£/ 1/53 7 260 138 000 lOki 000 
12/ 3/53 4 730 97 000 162 000 
lii/ 4/53 4 180 97 000 155 000 
1£/ 7/53 3 940 47 700 154 000 
1 £/ 8/ 53 3 990 38 500 155 000 
l£/10/o3 4 220 37 500 177 000 
lii/ll/ 53 •4: 480 35 000 188 000 
lie/ID/ o3 5 350 35 000 188 000 
1 (J J16/ o3 5 650 35 000 188 000 
l£/17/53 5 970 35 000 188 000 
l£/l8/53 •5 320 35 000 188, >000 
24 3 6 12 24 
90 400 1,0 r30 910 1, .010 830 
91 'cO U 1,030 960 1 050 820 
86 100 1,040 960 1 030 820 
92 300 1,070 990 1 030 820 
92 000 1,020 1,020 1 030 810 
96 800 1, 280 1,090 1 120 810 
9 300 1,310 1,120 1 130 810 
88 000 1, 340 1,150 1 130 810 
85 800 1,360 1,180 1 130 810 
86 200 1,440 1,160 1 110 790 
94 £00 1,410 1,200 1 140 790 
140 500 1,410 1,210 1 150 800 
97 100 780 850 1 210 800 
108 000 960 900 1 080 810 
104 700 990 9 SO 1 100 810 
103 100 1,020 950 1 100 610 
10£ 000 1,080 1,020 1 110 830 
99 500-' 1,100 1,050 1 120 830 
9B 700 1,170 1,120 1 130 850 
101 000 1,170 1,150 1 150 850 
108 000 930 1 0 60 1 800 840 
100 000 930 1*060 1 210 840 
101 000 1,020 1,060 180 870 
100 000 1,010 1,070 i 170 880 
108 000 1,010 1,130 1 200 880 
112 000 1,020 1,150 1 210 880 
lidO 000 1,060 1,180 1 240 900 
122 000 1,060 1,180 1 250 910 
1-4 000 1,070 1,190 1 260 910 
126 000 1,080 1,190 1 260 910 
3 6 Ig 
12/21/53 6 320 35 000 188, 000 
12/£3/53 4 680 20 100 • 154, 000 
12/24/53 4 680 K(J 100 154, 000 
lii/ 28/ 53 4 680 20 100 154, 000 
12/29/53 4 680 £0 100 154, 000 
lii/30/53 4 680 20 100 164, 000 
1 ic/ 3 J. / o3 4 680 20 100 1 o4, 000 
1/ 1/54 4 680 20 100 1 o4-, 000 
1/ ki/54 4 680 20 100 154, 000 
1/ 4/54 4: 6B0 2C 100 154, 000 
1/ 5/54 4 680 20 100 154 000 
1/ b/54 4 680 20 100 io4 uuu 
1/ 7/54 4 680 20 100 154 000 
i./ 6/ C/4 4 680 20 100 154 000 
l/ a/54 4 680 20 100 154 000 
1/11/54 4 680 20 100 154 000 
1/13/04 4 680 cO 100 154 000 
1/14/54 4 680 20 100 154 000 
1/15/o4 4 680 20 100 154 000 
i/l?/54 4 680 100 154 000 
1/18/04 4 680 20 100 154 000 
1/19/54 4 680 20 100 154 000 
l/ icl/ 54 3 670 2 620 27 100 
i./kiiL./ 54 570 620 27 100 
i/£:3/54 •3 310 620 27 100 
1/25/54 890 2 620 27 100 
x/c i'/54 770 £ 620 27 100 
l/2b/ 54 770 2 620 OO 100 
1/29/54 770 620 27 100 
l/30/o4 3 770 c 620 27 100 
24 3 0- 12 24 
135 000 1 100 1, 210 1 2B0 940 
136 000 1 120 1 220 1 290 950 
136 000 1 130 1 230 1 290 950 
136 000 1 160 1 250 1 290 950 
136 ouo 1 180 1 260 1 290 950 
136 000 1 180 1 260 1 290 950 
.136 000 1 180 1 260 1 290 950 
136 000 1 190 1 260 1 290 950 
136 000 1 190 1 260 1 290 950 
136 000 1 200 1 260 i. 290 950 
136 000 1 210 1 260 1 290 950 
136 000 220- 1 260 1 290 950 
136 000 1 <;:'20 1 260 1 290 950 
136 000 1 220 1 260 1 290 950 
136 000 1 230 1 260 1 290 950 
136 OOu 1 200 1 260 1 290 950 
136 000 1 210 -L 260 1 290 950 
136 000 1 220 "1 -L 260 -1 i 290 950 
135 000 1 220 1 260 1 290 950 
136 000 1 260 1 260 1 290 950 
136 000 1 270 1 260 1 290 950 
136 000 1 270 1 260 1 290 950 
48 700 1 280 1 260 1 100 950 
48 700 1 280 1 260 1 100 950 
48 700 1 290 1 260 1 100 950 
48 700 1 300 1 260 1 100 950 
4B 700 1 310 1 090 1 100 760 
48 700 1 320 1 090 1 100 760 
48 700 1 320 1 090 1 100 760 
48 700 1 320 1 090 1 100 760 
3 6 ] 
2/ 1/54 2.770 2 .620 f 100 
E/ fc/&4 2,770 'tC 620 27 100 
E/ 3/54 2,770 6£0 27 100 
ki/ 4/ 54 2,770 620 £7 100 
ii/ o/ 54 2,770 2 620 27 100 
2/ 7/64 2,770 2 620 27 100 
£/ 8/ 54 2,770 2 620 iC f 100 
2/ 9/54 2,770 r- 620 no c f 100 
2/XU/ o4 2,770 2 620 rfL' f 100 
2/11/54 2, 770 620 ^ f 100 
2/lfc/54 2,770 2 620 tcY 100 
2/15/54 2,770 tC 620 r -n  iC f 100 
is/16/54 1,260 1 510 200 
i-V 17/ 54 1, ic50 1 510 200 
2/18/ 'o*± 1, 310 1 510 iw' 900 
2/22/54 1,420 1 370 s 900 
2/ E-3/54 1,460 1 370 9 900 
2/24/54 1, O40 1 370 . •% 900 
ic/26/ 54 X, 54 0 1 370 9 900 
3/ 1/54 i, 340 1 440 2 420 
3/ 4/54 1,490 1 440 C; 420 
3/ 5/54 1, 0 'J 1 44f0 jd 4 20 
3/ 7/ 54 1, D60 1 440 420 
3/ 8/54 1,630 1 440 4 20 
3/ 9/ 54 1, 650 1 440 420 
3/11/54 1,740 1 X 440 2 4 20 
0/1 e-/ 54 1, 740 "i 440 4 20 
3/10/ <i>4 1,740 1 440 420 
5/16/o4 1, 740 1 440 k:- 4 20 
3/17/54 1,740 1 440 k; 420 
24 3 6 12 
48 700 1,320 1 f'^f) 1,100 760 
48 700 1,320 1,090 1,100 760 
48 700 1,330 1,090 1,100 760 
48 700 1,340 1,090 1,100 760 
48 700 1,340 1,090 1,100 760 
48 700 1,350 1,090 1,100 760 
4 S 700 1,350 1,090 1,100 760 
48 700 1,3 60 1,090 1,100 760 
46 700 1,360 1,090 1,100 760 
48 700 1,370 1,090 1,100 760 
48 700 1,380 1,090 1,100 760 
48 700 1,390 ' 1,090 1,100 760 
55 200 780 770 1,070 770 
54 700 790 770 1,030 780 
53 800 800 780 1,0 50 780 
53 COO 880 840 990 780 
52 600 900 850 970 780 
p,o 300 930 870 960 780 
52 300 910 880 990 780 
400 900 920 1,000 790 
400 920 940 1,000 790 
52 400 930 O'^n *J 1.000 BOO 
500 950 9 70 1,000 800 
500 950 590 1,000 800 
5£ 500 960 1 no'-_L. ^  i.-" ^ ' 800 
5S::. 600 990 1 0 _L ^ ^  X 1,00 vj 800 
cr r" 
«-> O'O 0 3'JG 1,01 . 1,000 800 
52 500 900 1,010 ~} 1 •'1 X y Vw/' V>' 800 
52 600 9 JO 1,010 1,000 >:oo 
52 600 990 1,010 1,000 800 
o 6 12 
'3/19/ Jyi J,. J-,070 1 130 
3/ 22/64 1 (CO 0 X 070 1 130 
3/24/64 1 200 1 070 1 130 
3/25/54 1 200 1 070 1 1-30 
5/ 26/ 54 1 iC'Vk/ V/ 1 070 1 130 
i3/ k;?/ T X 1 C90 1 100 
3^ iiB/ 0"-!. 1 600 1 160 n X 110 
•5/19/ 54 1 640 1 £30 X. 120 
i5/ -30/ i)4 "i 865 1 300 1 130 
3/31/54 fi 0 (CO 1 370 1 140 
4/ 1/54 2 280 1 450 1 150 
4/ x/ o4- 2 5?0 X 540 1 X 0>v./ 
4/ o/ 54 3 700 •A.. 840 1 vj 
4/ 6/ 54 3 700 1 960 O w 
4/ 7/i.4 3 700 050 X 200 
8/ 64 3 700 2 170 1 200 
4/ i»/ 54 3 700 290 1 200 
4/10/54: 3 4 50 2 330 •1 200 
4/1 s;/ 54 3 450 2 330 1 3 50 
4/13/ o4 3 450 2 i30 1 430 
4/15/54 t, KJ 840 "Z 870 1 490 
4/1V/54 10 100 3 870 1 J. 550 
4i/'c.O/ 54 23 600 3 870 1 J. 650 
4/ o4 X 020 900 820 
4/k:3/ 54 J. 080 940 770 
'i / 4^ o/ c4 1 170 930 840 
4/.,:7/o4 140 940 840 
4/i^c"/ 54 J.. ISO 960 820 
4/2.9/ 54 T :.ilO 3. , 000 820 
5/ 3/ 54 a30 7B0 720 
3 6 12 24 
40 ,900 780 800 910 800 
40 ,900 780 800 910, 780 
40 900 780 300 o*i X w 770 
40 900 780 800 910 760 
40 900 780 800 910 750 
39 900 820 820 910 760 
39 200 360 840 O f ^ Vy 760 
38 9 0 0 900 850 S30 770 
37 100 940 860 930 770 
37 100 9>--0 >?0 940 770 
37 100 ~5 J. ,020 920 940 780 
36 800 X ,060 i#40 940 780 
35 700 1 ,180 1 ,000 9o0 f\ C' r> ( <k>W 
36 100 1 , 180 1 , 00 u 960 790 
37 300 1 ,180 1 ,000 960 790 
%p. 600 1 , 180 1 ,000 960 790 
40 200 1 , 180 1 , 000 960 800 
41 200 1 ,180 1 , OOij 960 800 
44 800 890 850 920 790 
44 800 880 850 920 790 
42 700 880 860 920 780 
42 000 880 870 920 770 
42 000 900 880 910 770 
37 800 640 680 580 590 
39 400 580 610 570 550 
40 400 770 650 660 520 
37 400 720 650 660 580 
38 400 720 650 560 580 
40 400 720 650 660 580 
560 610 620 570 520 
3 6 12 
O/ o4 930 780 720 
5/ 5/54 950 860 710 
5/ 6/64 910 810 720 
5/ 7/54 940 810 710 
5/10/ v4 1,1^70 870 730 
6/11/54 1,E40 950 730 
6/li;/54 1,400 1,010 730 
5/l'i/54 1,740 1,050 770 
5/14/54 2,130 1,150 780 
5/17/54 i:,, 5 50 1,360 850 
5/18/64 5,160 1,500 900 
5/lis/ c)4 3, 080 1,630 930 
5/ k^O/ o4 3,700 1,790 960 
5/21/54 4,870 1,900 1,000 
5/kf4/64 1,200 970 760 
5/k;5/54 1,300 930 780 
5/ icS/ o4 X, 380 960 750 
5/E?/d4 1,4 60 1,000 760 
5/28/54 1,370 850 620 
5/31/54 -L , '  ^ f 0 850 600 
6/ 1/54 980 740 •590 
6/ i/ 54 'J 70 670 560 
6/ 3/54 850 680 560 
0/ 4/ 54 850 690 560 
6/ 7/54 930 820 630 
7/ 6/54 930 830 64 G 
6/ i"/ D4 690 610 540 
6/10/54 790 690 550 
6/11/54 830 720 610 
6/14/54 y30 800 650 
24 3 12 24 
560 660 520 570 510 
610 700 SSO 570 490 
610 700 620 570 490 
610 700 630 570 490 
560 810 660 580 520 
570 860 680 590 530 
570 890 700 600 630 
570 960 740 610 650 
570 1,130 760 630 540 
580 1,070 330 670 580 
560 1,110 380 680 590 
580 1,200 890 700 620 
570 1,270 910 710 . - 590 
560 1,400 950 720 580 
530 760 630 570 , 480 
550 790 640 570 500 
540 810 560 580 oisO 
530 870 660 570 510 
530 880 660 540 510 
470 770 613 520 510 
470 730 590 450 520 
470 670 590 460 490 
470 670 590 460 470 
470 690 590 470 440 
460 780 320 500 470 
460 810 640 520 470 
460 650 560 450 490 
440 680 570 460 480 
460 700 590 480 480 
490 790 660 530 490 
3 6 12 
6/15/64 
b/lo/ o4 
6/17/54 
6/18/54 
o/ k,x/ 54 
6/££/&4 
o/ 54 
6/24/ 54 
6/ 25/ 54 
6/2b/54 
6/ 2y/54 
6/5o/o4 
900 SOU 670 
i, u5U 820 660 
1,210 930 710 
1,380 990 750 
^,970 1,390 890 
s„,820 1,650 930 
4 , 0 1,860 960 
7,050 2, 290 X , 04 0 
14,950 3,080 1,100 
IS6,000 15,700 1,620 
4lx,670 31,200 1,910 
7i;L', OOU 64,000 ~ , 4 i;0 
24 3 12 24 
470 780 S50 530 4 V 0 
490 860 390 550 500 
490 920 750 560 530 
490 940 760 570 R Ci^. 
480 1,030 SCO 600 530 
490 990 soo 600 540 
500 1,040 900 630 550 
490 1,110 640 660 
530 1,190 910 670 560 
51C 1,360 1,080 680 550 
520 1,440 1,100 710 580 
550 1,510 1, J.30 730 600 
